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INTRODUCTION. 


AS  fo  many  excellent  pieces,  by  way  of 
introduction  to  electricity,  have  already 
been  written,  what  is  contained  in  the  follow- 
ing {beets  is  not  fo  much  intended  for  the  in- 
ilmCtion  of  beginners  in  that  branch  of  na- 
tural  philofophy,  as  to  find  out  fome  way  of  ad- 
measurement thereof,  fo  as  to  be  generally  un- 
derftood;  or  in  fuch  a manner,  that  one  perfon 
may  communicate  experiments  to  another,  at 
any  diftance  of  time  or  place,  by  fuch  a 
meafure,  as  that  they  may  both  fucceed  alike. 
Accordingly,  after  having  defcribed  the  elec- 
trometer, &c.  reprefented  by  the  copper- 
plates, by  which  fuch  an  admeafurement  is  to 
be  afcertained,  a courfe  of  experiments  is 
fet  down  in  the  promifcuous  order  they  were 
made.  The  former  part  of  them,  to  about  Ex- 
periment 
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periment  XXIX.  were  trials  with  different 
numbers  of  bottles,  charged  to  different  heights, 
on  wires  of  different  metals,  fizes,  and  lengths, 
in  order  to  find  out  the  ftrength  of  the 
charge  of  a given  quantity  of  coated  glafs 
neceffary  to  produce  the  effecl  propofed.  The 
•latter,  are  experiments,  where  thofe  charges 
are  reduced  more  to  a certainty,  either  with 
pofitive  or  negative  ele&ricity,  fo  as  to  know, 
before-hand,  what  ftrength  of  charge  is  ne- 
ceffary to  melt  a wire  of  either  lead,  iron, 
brafs,  or  copper,  of  a given  length  and  fize ; 
which  will  tend  to  point  out  pretty  nearly 
(where  bell-wires  have  been  melted  by  a thun- 
der ftroke,  the  fize.  fort  of  metal,  and  the 
length  of  the  wires  that  were  deflroyed  be- 
ing known)  the  ftrength  6f  the  ftroke  from 
the  cloud  where  fuch  accidents  have  hap- 
pened; and  thence  to  find  what  quantity  of 
coated  furface  is  neceffary,  and  to  what  height 
it  muft  be  charged,  in  order  to  do  the  fame. 

The  battery  with  which  fome  of  the  follow- 
ing experiments  were  made,  confifted  at  firft  of 

only 
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only  nine  jars,  or  rather  bottles,  for  they  were 
not  with  open  mouths ; but  when  a greater 
power  was  wanted,  it  was  necellary  to  pro- 
cure more  bottles,  or  jars ; but  the  latter  not 
being  eafily  procured,  the  former  were  fubfti- 
tuted  in  lieu  of  them;  though  afterwards  a 
much  lefs  number  of  bottles  was  ufed,  folely 
for  trial  fake.  The  mean  fize  of  thefe  nine 
bottles  was  eight  inches  diameter,  coated 
about  ten  inches  high,  of  the  thickeft  and 
ifrongeft  glafs  that  could  be  procured*,  weigh- 
ing from  five  and  a half,  to  about  feven  and 
a half  pounds  each.  The  bottles  which  com- 
pofed  the  battery  after  Exp,  XXXII,  were 
difpofed  in  three  rows,  nine  in  each  row; 
nine  of  the  ftouteft  and  beft  compofed  the 
jfirft  row,  nine  of  the  next  in  lloutnefs  made 
the  fecond  row,  and  the  third  row  contained 
the  nine  weakeft,  (of  which  notice  will  be 
taken  in  the  work)  all  of  green  glafs,  but 
not  all  of  one  fort  of  green  glafs.  Some  of 
them,  which  Hood  foremoft  in  the  battery, 

* See  Remark  X. 


were 


V1J1  , 


INTRODUCTION. 


were  .made  of  a fort  of  glafs  very  much 
like  that  of  the  Frontiniac  wine  bottles.  The 
glafs  of  which  thofe  bottles  are  made  feems 

o 

to  be  by  much  the  bed,  being  much  harder 
and  bronger,  and  feems  to  bear  the  higheft 
charge  without  being  brack  through.  One  of 
thefe  wine  bottles  which  is  three  inches  and 
a half  diameter,  and  coated  feven  inches 
high,  has  often  been  charged  to  thirty  grains 
repulfion  (between  two  balls  of  the  fize  of 
thofe  on  this  new  condrucled  electrometer) 
and  has  not  been  brack  through. 

The  fecond  and  third  rows  in  the  battery, 
confided  of  bottles  from  about  fix  and  a half, 
to  ten  inches  diameter,  coated  from  eight  and 
a half  to  eleven  inches  high ; and  none  of 
their  mouths  are  more  than  one  inch  and  a 
half,  nor  lefs  than  three  quarters  of  an  inch 
wide,  in  all  the  battery.  The  higheft  charges 
being  made  with  bottles  apparently  the  ftrong- 
cb,  if  any  of  them  were  brack  through,  the 
fraclure  was  repaired  as  in  Experiment  XLIII, 
and  removed  to  a lower  order,  when  a defi- 
ciency 
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ciency  happened  there,  as  will  be  obferved  in. 
the  work  : and  when  any  meafure  of  coated 
glafs  or  furface  is  mentioned,  it  is  meant  only 
of  external  coatingo 

Notwithftanding  the  above  battery  confifls 
of  fuch  narrow  mouthed  bottles,  on  account 
of  wider  not  being  eafily  procured ; yet,  the 
latter  are  much  preferable,  being  ealier  to  coat; 
moreover,  the  electricity  is  net  fo  liable  to  be 
difperfed  by  the  wires  that  go  into  the  bot- 
tles when  their  mouths  are  wider ; for  if  par- 
ticular care  be  not  taken,  (and  even  this  will 
hardly  be  fufficient)  the  electricity  will  fre- 
quently be  fpurting  from  the  hides  of  the 
wire,  to  the  edges  of  the  mouths  of  the  bot- 
tles, when  they  are  thus  narrow,  without 
bringing  on  a fpontaneous  dife  barge.  This 
being  the  cafe  with  the  Frontiniac  wine  bot- 
tles, I have  never  been  able  to  charge  them 
fo  high  as  they  would  bear  : therefore  I can- 
not tell  how  much  more,  than  to  thirty  grains, 
they  might  be  charged,  without  being  ftruck 
through : but  by  the  time  that  the  charge 
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gets  to  be  thus  high,  the  fpurting  will  dif- 
perfe  the  fluid  as  fail  as  the  machine  will 
collect  it.  The  number  of  bottles  that  have 
been  deflroyed  in  making  the  following  expe- 
riments, has,  in  feveral  of  them,  made  a 
fmall  difference  in  the  refult;  but  could  the 
fame  battery  have  been  preferved  intire, 
throughout  the  making  of  thefe  experiments,  I 
believe  there  would  have  been  fo  little  differ- 
ence, as  not  to  be  of  any  material  confequence, 
and  flill  lefs  difference,  if  wires  perfeflly  ho- 
mogeneous, could  have  been  procured.  This 
difference  appears  mofl  in  the  brafs  wire  (at 
the  former  part  of  the  experiments,  when 
my  flock  of  brafs-wire  was  very  low,  and  I 
was  never  able  to  procure  any  more  like  it) 
with  regard  to  its  firetching  fo  much  while 
hot,  which,  to  me,  appeared  very  fmgular. 

As  wires  of  exa6lly  the  fame  fize  may  be  ra- 
ther difficult  to  procure  at  all  times,  and  left 
a method  to  prove  them  fo,  may  not  be  al- 
ways at  hand,  the  method  I took  to  prove 
what  thofe  wires  were,  both  in  weight  and 

fize 


INTRODUCTION.  xi 

fize,  that  I ufed  in  the  following  experiments, 
is  here  fubjoined.  Each  piece  of  wire  that 
was  weighed  was  cut  ten  inches  and  a quar- 
ter long;  as  every  piece  of  wire  that  I tried 
was  the  length  fpecified  in  the  experiment  be- 
tween the  forceps  with  which  it  was  held. 
I have  alfo  added  the  weight  of  a piece  of 
each  wire,  both  of  their  fizes,  and  the  fort  of 
metal : every  piece  of  wire  that  was  weighed 
was  the  fame  in  length.  The  weight  of  them 
E added  to  be  a check  upon  the  meafure  of 
their  thicknefs ; and  the  fcales  were  fuch  as 
turned  freely  with  the  two  hundred  and  fifty- 
fixth  part  of  a grain.  In  order  to  get  the 
thicknefs  of  each  wire,  as  near  as  poffible, 
they  were  wound  round  a wire  one -tenth 
of  an  inch  thick,  on  which  an  inch  fpace 
was  carefully  marked ; the  revolutions  of 
the  wires  being  kept  as  clofe  as  poffible  to 
each  other  and  their  number  being  known, 
gives  the  thicknefs  of  each  wire,  pretty  nearly : 
the  iron  and  brafs  wire  was  fuch  as  is  ufed  for 
harpfichords,  &c. 
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All  my  battery,  as  well  as  all  my  other  bottles, 
or  jars,  both  withinfide  and  without,  is  coated 
with  ftrips,  cut  from  three-eighths  to  three- 
fourths  of  an  inch  wide,  and  laid  on  with 
pafte  made  with  flour  and  water,  at  the  dif- 
ftance  of  about  a ffrip  between  each. 

The  following  table  exhibits  the  fizes  and 
weights  of  various  wires  of  four  different  forts 
of  metal. 


Parts 


Lead  Wiie.  Iron, or  Steel  Wire.  Brafs  Wire.  Copper  Wire. 
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Parts  of  an 
Inch  in 
thicknefs. 


Weight  of  each  in  Grains 
and  Parts  of  a Grain, 
10  J Inches  long. 


Proportion  to  eacli  other. 


5 grains  and  -§1  of  a grain 
7 grains  and  T3^  of  a grain 
g grains  and  | of  a grain 


above  half  the  50th. 
nearly  double  the  66th. 


"170th 
140th 
120th 
100th 
| 90th 
80th 
64th 

__  56th 


f of  a grain 
H of  a grain 
||  of  a grain 
1 grain  and  of  a grain 

1 grain  and  of  a grain 

2 grains  and  ||  of  a grain 

3 grains  and  xyF  of  a grain 

4 grains  and  T\7¥  of  a grain 


almoft  half  that  of  icoth. 

more  than  double  170th. 

almoft  double  100th. 

5”  more  than  double  Soth,  or  almoft 
four  times  100th. 


170th 

120th 

64th 

50th 


||  of  a grain 
1 grain  and  | of  a grain 

5 grains  and  ||  of  a grain 

6 grains  and  of  a grain 


almoft  one-fixth  part  of  50th. 


more  than  fix  time  170th. 


170th 
140th 
x 30th 


|£.  of  a grain 
of  a grain 
IH  of  a grain 


about  | of  140th,  which  is  equal  againft 
the  elettrical  ftroke  as  100th  of  fteel 
wire,  as  appears  by  the  following  ex- 
periments. 
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CHAPTER  I. 


DESCRIPTION 


OF  THE 

PLAT  E S. 


AS  an  accurate  admeafurement  of  quanti- 
ties of  Electricity  is  amongft  the  various 
defiderata  in  that  branch  of  natural  philofophy, 
and  as  the  Ele&rometers  which  have  hereto- 
fore been  invented,  have,  in  that  particular, 
been  found  deficient;  it  is  not  without  the  hope, 
in  fome  degree,  of  fupplying  that  deficiency, 
particularly  in  large  quantities,  that  the  follow- 
ing explanation  of  a new  infirument  of  this 
kind  is  offered  to  the  public* 
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2 DESCRIPTION  OF  THE  PLATES. 

Plate  1,  fig.  l,  (hews  the  Ele6lrometer  in: 
miniature,  as  it  appears  when  it  is  ready  to 
be  ufed.  Fig.  2,  is  an  arm,  the  ball  of  which 
is  to  be  laid  into  the  cup  A,  to  make  a com- 
munication to  a battery,  &c.  to  be  explained 
afterward. 

Plate  2,  exhibits  the  outlines  of  all  the  dif- 
ferent parts,  both  internal  and  external,  of  the 
Ele6lrometer,  in  full  fize  and  proportion,  and 
the  manner  in  which  they  are  made  and  put 
together. 

A,  A,  A , A,  N,  fig.  i,  and  fig.  i,  a , repre- 
fent  the  Ele£lrometer  in  full  fize  all  put  toge- 
ther; except  where  fig.  l,  a is  feparated  from 

%.  i. 

The  foot  B , fig.  t,  a*,  is  a piece  of  board, 
nine  inches  and  thrte  quarters  fquare,  refting 
on  three  pins  C C c,  feen  at  the  under  fide  of 
it.  The  pins  C C,  with  their  broad  heads,  are 

* This  figure  is  wholly  omitted  in  the  Philofophical  Tranfadtions, 
although  it  is  referred  to. 

fcrews 
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fcrews  to  fet  the  Eleclrometer  upright  withal. 
D , is  a folid  piece  of  glafs,  of  any  length  and 
fize,  fufficient  to  fupport  and  infulate  the  in- 
ftrument,  wherever  it  is  to  be  placed:  the  . 
length  of  that  here  delcribed  is  about  nine 
inches  and  a half  between  the  fockets  in  which 
it  is  fixed,  and  its  upper  end  is  feen  in  the 
focket,  or  cap  M,  fig.  1 . 

The  arms  G 1,  and  G 2,  and  the  balls  I 1, 
and  / 2,  fig.  1,  are  all  made  hollow,  of  thin 
copper,  that  they  may  be  as  light  as  polfible. 
The  arms  G 1,  and  g,  with  the  ball  F,  turn 
round  on  the  large  bent  wire  H;  and  when  in 
ufe  they  are  put  nearly  at  a right  angle  with 
G 2,  and  H',  being  all  turned  to  the  off  fide, 
fo  as  to  be,  as  much  as  polfible,  out  of  each 
other's  atmofpheres,  or  the  atmofphere  of  a 
jar,  battery,  prime  conduftor,  or  the  like.  At 
K , is  reprefented  a kind  of  face,  or  dial  plate, 
with  an  index;  this  index  is  carried  once  round 
by  the  motion  of  the  arm  G 2,  with  its  ball  / 2, 
moving  through  a quarter,  or  ninety  degrees 
of  a circle;  the  motion  is  given  to  the  arm 
and  its  ball,  by  the  repulfive  power  of  the 

B 2 charge 
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charge  of  ajar,  See . between  the  two  balls  I 2, 
and  L . The  ends  of  the  index,  from  the 
center,  are  of  different  lengths;  the  longed 
end  reaches  to  a graduated  circle,  divided  into 
ninety  equal  parts,  anfwering  to  the  ninety 
degrees,  which  the  arm  G 2 moves  through: 
the  fhorteft  end  reaches  to  a Tmaller  circle, 
which  may  be  divided  into  any  number  of 
equal  parts  anfwering  to  the  divifions  on  the 
arm  G 1,  with  its  Hiding  weight  n,  each  of 
which,  is  equal  to  one  grain,  and  the  whole 
face  is  covered  with  a watch  glafs*,  to  prevent 
the  eledfricity  from  flying  off',  or  efcaping  at 
the  points. 

The  upper  end  of  the  glafs-fupporter  D,  is 
cemented  into  the  brafs  cap,  or  focket  Al,  fig.  1 . 
This  cap  enters  the  ball  L,  at  the  bottom  of 
it,  and  is  ferewed  into  its  upper  part  at  a.  The 
top  part  of  the  cap  M,  is  tapered  off  to 

* There  was  an  Ele&rometer  conftru<fted  by  a very  ingenious 
Gentleman  fome  years  ago,  the  face  of  which  was  covered  with  a 
glafs:  but  it  feemed  to  me  to  be  lefs  ufeful  than  Henley’s  Eleftro- 
meter,  though  much  more  complex]  yet  its  neatnefs  was  very 
pleafing. 

a 
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a cone  about  one  inch  and  a half  long.  The 
lower  end  of  the  wire  H3  has  a hole  made 
conically  into  it,  fo  as  to  receive  the  upper 
part,  or  conical  end  of  the  cap  M,  which  per- 
mits all  the  upper  part  of  the  Ele6lrometer  to 
turn  round  any  way  that  may  be  necefiary. 
The  kind  of  ferrel  0 , with  its  bafe,  is  perfo- 
rated, that  the  lower  end  of  the  wire  H, 
may  go  through  it.  The  arm  b,  which  fup- 
ports  the  cup  N,  is  fcrewed  into  the  bafe  of 
the  ferrel  0,  and  turns  round  upon  the  wire 
H.  The  cup  N is  to  receive  the  ball  P,  of 
the  arm  fig.  9,  This  arm,  which  is  fhewn  fe- 
parate  jn  plate  1,  fig.  2,  fhortens  or  lengthens 
as  may  be  wanted,  by  a wire  Aiding  into  a 
tube;  the  end  of  the  wire  is  Ait,  forming  a 
fpring  in  the  tube,  to  give  it  Aeadinefs.  In 
this  arm  is  a kind  of  rule  joint  at  d,  that  it 
may  give  way  eafily  if  wanted:  the  femicircu- 
lar  end  of  the  arm  is  a fpring,  which  may  be 
Aipt  on  to  a ball  from  the  prime  condu6tor, 
or  the  condu&or  itfelf,  (if  it  fit)  or  jar,  or  bat- 
tery: the  ends  of  it  are  Aat  and  broad,  as  re- 
prefented  at  B3  fig.  2,  plate  1. 


Fig. 
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Fig.  2,  fhews  the  wheels  &c.  in  the  Elec- 
trometer*. The  wheel  A,  has  forty-eight  teeth, 
and  takes  into  the  wheel  B,  of  twelve  teeth. 
The  axis  of  B,  carries  the  index  K , fig.  1, 
once  round,  by  the  arm  C,  fig.  2,  being  re- 
pelled to  D,  a quarter,  or  ninety  degrees  of  a 
circle,  as  before  obferved.  The  arm  C,  is 
ferewed  into  the  underfide  of  the  axis  of  the 
wheel  of  forty-eight  teeth.  E,  is  a folid  leaden  ' 
weight,  fupported  and  made  fait  to  the  upper 
fide  of  the  fame  axis;  this  leaden  weight,  which 
is  almofi:  a counterbalance  to  the  arm  G 2,  and 
its  ball  / 2,  fig.  1,  may  be  made  of  any  fhape, 
fo  that  it  be  heavy  enough,  and  move  freely 
within  the  Ele&rometer.  At  T,  fig.  2,  is 
fhewn  a circular  piece  of  brafs,  fixed  within 
fide,  fo  as  that  the  repulfive  power,  at  the 
top  of  the  leaden  weight  E,  may  be  as  equal 
as  poflfible,  at  whatever  diftance  the  arm  C is 
repelled.  At  G,  is  fhewn  the  piece  of  brafs 
into  which  the  upper  end  of  the  wire  H , fig.  1, 

* All  the  references  and  defeript'ons  of  fig.  2,  to  fig.  1 1,  are 
entirely  left  out  in  the  Philofophical  Tranfadlions,  and  only  fig.  3, 
fig.  4, and  fig.  10,  are  kept  the  full  fize,  although  otherwife 
exprefled.  All  the  other  figures  are  much  diminifhed. 

is 
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is  fcrewed,  it  is  made  faft  to  the  infide  of  the 
frame  of  the  inftrument  with  a fcrew. 

Fig.  3,  fhews  the  internal  frame  of  the 
Ele£lrometer,  to  which  all  the  parts  are 

fixed  and  fupported  by  fcrews,  &c* 

\ - • 

Fig.  4,  fhews  the  infide  of  the  Ele6lrometer 
1 in  profile.  The  brafs  rim  A,  which  holds  the 
•glafs  in  the  front  face  of  the  inftrument,  is  kept 
in  its  place  by  center-pins  at  c c,  and  is  held 
on  by  the  fcrews  a a . The  part  B,  which 
brings  the  dial  plate  forward  from  the  frame 
towards  the  glafs,  is  held  on  by  the  fcrews  b b . 
The  axis  of  the  wheel  of  twelve  teeth  palfes 
through  the  dial  plate  on  B,  and  receives  the 
index  k;  the  other  end  of  the  axis  is  pointed, 
and  works  in  the  bent  arm  d,  which  is  fcrewed 
to  the  frame  at  e.  One  end  of  the  axis  of 
the  wheel  of  forty-eight  teeth  is  pointed,  and 
works  in  the  frame;  the  other  end  is  fup- 
ported by,  and  works  in,  the  bent  arm  g, 
which  is  fcrewed  to  the  frame  at  h\  but  to 
leffen  the  fri&ion  at  i,  in  the  bent  arm  g,  a 

fcrew 
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fcrew  pafTes  through  it;  this  fcrew  is  perfo- 
rated, as  at  fig.  iq,  (reprefented  enlarged)  by 
this  means,  fuch  exaftnefs  in  the  length  of 
the  arm  g,  is  unnecelfary,  the  fcrew  itfelf  be- 
ing perforated  with  a larger  hole  till  very  near 
the  little  end  of  it,  which  is  bevelled  off,  and 
the  remaining  part  of  the  hole  being  made 
very  fmall,  the  friction  is  confiderably  dimi- 
nifhed.  The  joinings  of  the  weight  E , and 
the  arm  C,  are  fhewn  here,  the  fame  as  in  fig.  2. 
The  part  D,  which  brings  the  dial  plate  on 
the  back  of  the  Eleftrometer  towards  the 
glafs,  refts  in  the  rabbet  of  the  frame,  and 
rifes  half  the  depth  of  the  rabbet.  The  brafs 
rim  F,  which  holds  the  other  glafs,  refts  in 
the  fame  rabbet  of  the  frame,  fills  up  the  other 
half  of  the  rabbet,  and  is  held  on  by  a bent 
pin,  as  at  0 , on  one  fide,  and  by  a fpring 
catch  p,  on  the  other  fide ; this  bent  pin,  and 
the  fpring  catch  pafs  through  two  holes  (un- 
der, or  behind  the  brafs  rim  F,)  made  for  that 
purpofe  in  the  part  D.  The  axis  of  the  wheel 
of  forty-eight  teeth  paffes  through  the  dial 
plate  D,  and  carries  the  index  m a quarter, 

or 
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or  ninety  degrees  of  a circle,  which  may  be 
graduated  anfwerably  to  the  face  on  the  front 
of  the  Electrometer. 

Fig.  5,  reprefents  the  Electrometer  turned 
its  bottom  upward,  to  fhew  the  opening,  where 
the  arm  G 2,  fig.  1,  moves  up  and  down,  and 
the  hole  through  which  goes  the  upper  end 
of  the  wire  //,  fig.  1 , and  fcrews  into  G,  fig.  2 . 
The  catch  p,  which  is  fhewn  in  fig.  4,  is 
fixed  to  the  frame,  clofe  to  the  opening  in 
fig.  5,  that  it  may  be  opened  eafily  with  the 
point  of  an  awl,  or  the  like. 

Fig.  6,  fig.  7,  fig.  8,  fig.  11,  fhew  the  me- 
chanifm  of  the  movements  and  parts  in  the 
ball  F}  fig.  1. 

Fig.  8,  fhews  the  external  conftruClion  of 
the  ball  F9  fig.  1,  which  is  hollow,  and  con- 
fills  of  a frame,  or  rim,  in  the  middle,  with 
two  caps  fcrewed  on  to  the  rim,  one  on  each 
fide ; it  has  a hole  at  top  and  bottom,  through 
which  goes  the  bent  wire  fig.  1.  Within 

C this 
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this  ball  is  another  leaden  weight,  which  is  a 
counterbalance  to  the  arm  G 1,  fig.  1.  The 
innermofi  circle  in  fig.  8,  reprefents  the  outline 
of  the  weight  in  the  bail  F,  fig.  1 . The  po  * 
fition  of  this  weight  is  feen  at  g,  fig.  6,  and 
g,  fig.  7;  a hole  is  made  perpendicularly 
through  the  middle  of  it,  to  give  liberty  for 
it  to  move  up  and  down,  free  of  the  wire  H \ 
fig.  i,  which  pailes  through  this  weight. 

Fig.  11,  fhews  a piece  of  brafs,  a little 
thicker  than  a new  {hilling,  which  is  held  to 
the  infide  of  the  rim,  fig.  8,  by  the  fcrews  a 
fig,  6,  with  its  hole  in  the  middle,  againfi  the 
hole  in  the  rim  fig.  8,  in  which  the  ann  G 1, 
fig.  1,  moves  a little  way  up  and  down,  as 
(hewn  in  fig.  6.  The  ends  b b,  fig.  11,  are 
turned  up  as  at  b b,  fig.  7,  to  form  a fupporter 
for  the  axis  on  which  the  arm  G 1 , fig.  1 , with 
its  weight  g,  fig.  7,  refts.  a a , fig.  11,  fhew 
the  holes,  through  which  go  the  fcrews  a a , 
fig.  6.  By  thefe  four  figures  the  whole  con- 
{frudtion  is  fhewn  better  than  by  a whole  page 
in  letter-prefs.  This  weight  is  made  fall  to 

the 
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the  axis  on  which  it  is  fupportecl;  but  the 
arm  G 1,  fig.  1,  fcrews  in  and  out  as  at  c 
fig.  6. 

\ ■ ' • • 

Fig.  12,  fliews  the  part  at  z,  fig.  1,  that 
fcrews  into  the  ball  F,  to  fupport  the  arm  g, 
and  its  ball  r:  this  piece  (which  is  hollowed 
out  on  the  fide  next  the  wire  H,  to  fit  it)  is 
fcrewed  in,  fo  as  to  prefs  againft  the  wire  H , 
and  ferves  as  a fpring  to  keep  the  ball  F 
fleady;  which  is  made  to  Hide  up  and  down, 
as  well  as  to  turn  round  on  H>  to  whatever 
pofition  may'  be  wanted. 

In  order  that  the  divifions,  before -mentioned, 
on  the  arm  G 1,  fig.  1,  may  be  made  exaftly 
a grain  each,  firft  flide  the  weight  n , towards 
the  ball  F,  till  it  is  an  exa6t  counterbalance  to 
the  weight  in  F;  then  at  one  end  of  the  weight  n, 
make  a mark  on  the  arm  G 1,  and  there  let 
the  divifions  and  numbering  begin.  Sufpend 
any  tolerably  good  pair  of  fcales,  fo  as  that  the 
bottom  of  one  of  them  may  reft  upon  the  ball  r, 
between  r and  / 1,  (the  ball  / 1,  reffing  in  the 
fcale)  flide  the  weight  n , near  to  the  ball  / 1, 

C 2 put 
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put  as  many  grains  into  the  other  fcale,  as  will 
juft  raife  the  fcale  with  the  ball  I i,  in  it; 
then  mark  the  arm  at  the  fame  end  of  the 
weight  n,  and  divide  the  fpace  between  the 
two  marks,  into  as  many  equal  parts  as  there 
are  grains  in  the  fcale;  each  part  will  then 
be  equal  to  one  grain:  each  part  may  alfo 
be  divided  and  fubdivided  into  halves  and 
quarters. 

The  arm  G 2,  fig.  1,  being  repelled,  fhews 
when  the  charge  is  increafmg,  &c.  and  the 
arm  / 1,  with  its  weight  n,  tells  what  fuch 
repul  five  power  is  between  two  balls  of  the 
fize  of  thefe,  in  grains,  according  to  the  number 
of  divifions,  at  which  the  weight  n,  on  the  arm 
G 1,  refts,  when  it  is  lifted  up.  The  weight??, 
by  repeated  trials,  having  been  put  at  different 
places,  fuch  refpebfive  number  of  grains  may 
then  be  marked  on  the  leffer  circle  on  the 
dial-plate,  to  which  the  fhorteft  end  of  the 
index  K,  fig.  1,  reaches,  and  where  it  points  at*: 

fo 

* The  Gentleman  who  invented  the  Electrometer,  mentioned  in 
the  foregoing  note,  conftru&ed  it  fo  that  the  index  was  carried 

twice 
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fo  that  when  the  grains  are  all  marked  on 
the  dial -plate,  thus  afcertained  by  the  arm  G 1, 
all  thefe  parts  of  the  inflrument,  that  is,  the 
ball  F,  with  the  arms  G 1,  and  g,  may  be 
taken  away,  and  the  remaining  part  of  the 
Electrometer  may  be  ufed  without  them:  but 
I do  not  know  how  the  grains  can  be  fo  ex- 
actly marked  and  afcertained  on  the  dial- 
plate,  as  by  thefe  parts  being  on  the  inftru- 
ment.  And,  notwithflanding  thefe  parts  may 
be  taken  off,  and  the  Electrometer  ufed  with- 
out them,  yet  I think . it  is  moft  fafe  and  cer- 
tain, to  ufe  it  with  them  altogether,  as  they 
are  a check  one  upon  the  other:  for  I find 
various  circumflances  will  occur,  by  which 
' ■ / 
twice  round  the  dial-plate,  and  he  told  me  that  a friend  of  his  was 
going  to  make  one.  with  the  index  to  go  four  times  round,  but  I 
think  it  mud  be  quite  unnecdfary,  and  not  fo  diftindh  alfo,  that 
the  afcertaining,  and  marking  the  grains  on  the  dial-plate,  as  well  as 
the  number  of  degrees  the  moving  arm  is  repelled,  mull  be  very 
indiftindt.  But  his  inftrument  (which  was  the  firft  that  I ever  heard 
of,  where  the  wheel-work  was  introduced)  was  not  conftrudted  fo  as, 
in  any  degree,  to  fhew  what  the  repulfive  power  was,  any  more 
than  that  of  Mr.  Henly’s  conftrudtion.  In  order  to  have  as 
much  diftindtnefs  as  poffible,  I made  the  index  to  go  only  once 
round  the  dial-plate,  by  which  means  both  ends  of  the  index  be- 
come ufeful  and  intelligible. 


the 
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the  arm  G 2,  alone  is  more  liable  to  vary  at 
different  times,  than  when  the  other  parts  are 
on:  the  atmofpheres  of  different  things,  or  the 
atmofphere  of  the  arm  and  its  ball,  interfering 
with  other  things,  or  any  fmall  piece  of  lint, 
or  other  fibrous  fubftances,  lisditincr  on  the 
ball,  will  make  it  vary  very  much,  according 
to  the  place  it  may,  by  chance,  adhere  to: 
but,  as  before  obferved,  when  they  are  all  to- 
gether they  check  each  other.  . I beliex^e  the 
arm  G 2,  alone,  would  be  equally  certain, 
if  all  imperceptible  atoms,  &c.  could  be  got 
rid  of  which  are  conftantly  floating  about 
in  the  air  of  moll  rooms. 

I do  not  mean  to  confine  the  number  of 
grains,  or  divifions  on  the  arm  G 1 ; but  my 
own  obfervations  rather  lead  me  to  think,  that 
no  glafs  to  be  charged,  as  it  is  called,  with 
ele£tricity,  will  bear  a greater  charge  than 
that  whofe  repulfive  force,  between  two  balls 
of  the  fize  of  thefe,  is  equal  to  fixty  grains 
weight,  before  it  will  be  perforated,  or  ftruck 
through.  Nay,  I have  not  found  many  in- 
ftances  when  it  would  bear,  or  fupport  itfelf 

with 
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with  fifty  grains;  and  I think  it  very  hazar- 
dous to  charge  higher  than  forty-five  grains. 
I think,  like  wife,  that  the  fize  of  thefe  balls 
and  wires  are  large  enough  to  prevent  the 
efcape,  or  difperfmg  of  the  charge  of  eleCtri- 
city,  which  any  glafs  will  bear,  that  we  are 
acquainted  with;  but  if  halls,  wires,  or  arms, 
of  this  fize,  are  found  too  fmall,  larger  may 
be  made  on  the  fame  plan. 

After  this  manner,  with  the  EleCtrometer 
above  defcribed,  by  knowing  the  quantity  of 
coated  furface,  and  the  diameter  of  the  balls, 
one  may  fay,  a certain  quantity  of  coated 
furface  of  glafs,  charged  to  any  given  number 
of  grains,  exprefting  the  repulfive  force,  be- 
tween two  balls  of  a certain  diameter,  will 
melt  a wire  of  a certain  fize,  kill  this  or  that 
animal,  and  the  like. 

In  refpeCt  to  the  ufes  and  advantages  of  this 
Electrometer,  perhaps  I may  not  know  them 
all,  and  left  partiality  may  prejudice  me  in 
behalf  of  my  own  contrivance,  I would  rather 
leave  them  to  the  judgment  of  others:  my 

opinion 
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opinion  however  is,  that  all  others,  which  I 
have  feen  or  heard  of,  are  fuch  as  fpeak  no  in- 
telligible language,  and  that  this  fpeaks  fo  as  to 
be  underffood  univerfally:  for  unlefs  the  re- 
pulfive  power  of  the  charge  of  different  glaffes 
be  very  different,  this  Eledlrometer,  or  any 
other  Ele&rometer,  made  after  this  manner, 
mult,  I fhould  prefume,  fpeak  very  nearly  the 
fame  language;  it  being  known  how  much 
coated  furface  there  is,  and  the  fize  of  the 
balls:  but  if  the  fize  of  the  balls  be  not  the 
fame,  the  language  the  Eleftrometer  fpeaks, 
will  be  very  different. 

Although  other  Ele£trometers  fliewed  a 
greater  or  lefs  charge,  or  power,  by  an  arm  be- 
ing repelled  to  a greater  or  lefs  diflance,  or 
by  ftriking  at  different  diffances ; yet,  the  power 
of  the  charge,  was  not  in  any  manner  afcer- 
tained;  we  could  fay,  that  the  arm,  or  the  in- 
dex, was  repelled  to  fuch  a number  of  degrees 
of  a circle,  or  that  it  ffruck  at  a certain  dif- 
tance;  but  the  repulfive  power  of  a charge  to 
repel  the  index  fo  much,  or  fo  many  degrees 
of  a circle;  or  the  ffrength  of  the  charge  to 

ftrike 
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at  fuch  a diflance,  was  not,  that  I know  of,  in 
any  manner  intelligibly  afcertained:  this  does 
it  by  the  weight  that  the  repulfive  power  has 
to  lift  up  in  grains,  Sec.  which  weight  is  to  be 
proved  by  any  good  pair  of  feales  and  weights; 
and  I know  not  of  any  method  that,  has  yet 
been  tried  to  fhew  the  different  flrength  of 
charges,  fo  fatisfadlory  as  by  that  of  their  re- 
pulfive  force. 

All  the  neceffary  parts  of  the  Eledlrometer 
being  made  of  metal  and  glafs  that  is  pretty 
flout,  I think  that  the  eledlricity  is  confide- 
rably  lefs  liable  to  efcape  than  by  wood,  See . 
I have  tried  reeds,  on  account  of  their  being 
light,  and  covered  them  with  tin*  foil,  or 
gilded  them,  to  make  them  good  condudlors,  but 
have  fo  frequently  found  inconveniencies  from 
them  by  points  rifmg  up,  the  celerity  of  mov- 
ing, and  the  different  weight  of  them  at  dif- 
ferent times,  owing  to  moifture,  changes  of 
the  weather,  and  the  like,  that  I have  laid 
them  all  afide,  and  find  my  prefent  inftrument 
as  free  from  thefe  inconveniencies  as  I could 

D expedl; 
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expeCl;  nor  is  it  liable  to  be  out  of  order,  if 
proper  care  be  taken  of  it. 

Another  ufe  of  this  EleCtrometer  is,  to  gra- 
duate other  electrometers;  I mean  fuch  as 
Mr.  Nairne’s,  which  I think  is  a very  good 
improvement  of  Mr.  Lane’s  eleClrometer; 
and  I think  I have  rather  improved  Mr. 
Nairne’s,  by  a little  alteration  in  the  con- 
ItruCtion  of  it,  and  graduating  it,  fo  as  to 
be  always  certain;  and  it  may  be  applied 
to  any  prime  condu&or,  &c.  but  unlefs  it  be 
firft  graduated,  that  the  ftrength  of  the  charge 
may  be  afcertained  by  the  cliltance  it  is  to 
ftrike  at,  it  is  of  no  more  ufe  than  Mr. 
Nairne’s;  except  that  it  is  applicable  to  any 
thing,  or  almoft  any  where:  yet,  after  all  this 
alteration,  it  will  never  fhew  when  a charge 
is  increafmg  or  decreafing,  nor  how  far  off, 
or  how  near  a difcharge  is,  but  only  tell 
what  it  is,  at  the  time  that  the  difcharge  is  made- 

Although  the  eleClrometer  defcribed  in 
plate  1,  and  plate  2,  has  the  advantages  and 

ufes 
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ufes  already  mentioned,  yet,  it  will  never 
make  the  difcharge  of  a jar,  or  battery,  of 
itfelf,  for  which  Mr.  Nairne’s  is  very  excel- 
lent: and  in  the  hate  to  which  I have  altered 
it,  I think  it  is  exceedingly  iifeful  with  the 
former  one;  thus,  the  progrefs  of  a charge  is 
{hewn  by  the  motion  of  the  arm  G 2,  of  the 
former;  the  diftance  it  is  repelled  fhews  how 
far  off,  or  how  near,  a difcharge,  of  any  re- 
quired ftrength  is;  the  arm  G 1,  will  {hew 
that  that  repulfive  power  is  what  it  was  de- 
signed to  be;  and  the  latter,  will  make  the 
difcharge,  as  foon  as  the  charge  has  acquired 
the  ftrength  propofed:  which  I have  proved, 
having  one  to  apply  to  the  machine  that  was 
ufed  in  making  the  following  experiments. 

Plate  3,  fig.  4,  fhews  this  laft  mentioned 
electrometer  in  its  improved  ftate.  A,  is  a 
folid  piece  of  glafs  bent  to  a right  angle  at 
both  ends;  one  end  of  it  goes  into  a focket 
cut  in  the  ball  B,  which  is  of  folid  metal, 
to  one  fide  of  which  is  made  faft  a fhort  co- 
nical tube  of  tin.  The  prime  condu6tor  has 
likewife  a conical  tube,  or  focket,  fixed  in 

D 2 the 
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the  fide  or  end  of  it,  to  receive  the  conical  tube 
fixed  to  the  ball  B:  they  are  made  conical 
that  they  may  hand  heady.  The  other 
end  of  the  glafs  A,  goes  into  the  focket  of 
wood  C,  at  the  end  of  which  is  a ball ; 
through  this  ball  goes  the  graduated  wire  D, 
one  end  of  which  terminates  in  a ring  or 
with  a ball:  the  other  end  has  another 
ball  on  it,  equal  in  fize  to  the  ball  B,  both 
of  which  are  the  fize  of  the  balls  of  the  elec- 
trometer defcribed  in  plates  1 and  2.  The 
focket  cut  in  the  ball  B,  being  concentric  to 
the  ball  itfelf,  the  glafs  A,  will  turn  about  in 
it;  ff ill  the  ball  on  the  graduated  wire  D, 
will  always  be  at  the  fame  diftance  from  the 
ball  B. 

Notwithffanding  all  the  improvements  and 
alterations  that  have  been  made  on  Mr.  Lane’s 
ele6lrometer,  both  as  to  acquiring  charges  of 
exa£lly  the  fame  ftrength  with  the  fame  quan- 
tity of  coated  furface,  and  as  anfwering  the 
end,  or  ufe,  of  a difcharging  rod,  ftill,  with 
refpedf  to  the  latter,  it  is  chiefly  ufeful,  when  the 
charges  are  not  veiy  high,  nor  a great  quantity 

of 
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of  coated  furface  ; many  fibrous  particles  (con- 
flantly  and  almoft  imperceptibly  floating  in 
the  air  of  a room)  being  fo  apt  to  be  attradied 
by,  and  adhere  between,  the  balls  of  the  elec- 
trometer; and  the  electric  atmofphere  extend- 
ing, fo  flrongly,  much  farther  than  the  diflance 
of  thefe  two  balls;  fo  that,  in  both  thefe  cafes, 
the  charge  is  very  liable  to  be  diminifhed, 
almoft  imperceptibly,  whilft  the  battery  is 
charging.  Therefore,  with  large  batteries, 
highly  charged,  a difcharging  rod,  or  a con- 
trivance for  that  purpofe,  is  much  better  by 
itfelf,  entirely  detached  from  the  machine,  or 
the  prime  condudlor;  and  in  fuch  a manner, 
that  it  may  always  approach  the  place,  where 
the  difcharge  is  to  be  made,  with  the  fame 
velocitv,  and  at  a certain  diflance.  For  this 
purpofe,  it  is  eafily  made  to  do  its  office  either 
with  a fpring,  or  a weight,  fixed  to  one  end  of 
a wire,  and  a light  ball  at  the  other  end  of 
it,  with  a fpring  catch,  to  be  made  to  let  go 
its  hold,  when  the  difcharge  of  a battery  is 
wanted.  Such  an  one  is  adapted  to  the  prefent 
machine,  and  is  fixed,  by  a cramp-iron  and 
fcrew,  upon  the  table  on  which  the  elec- 
trical 
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trical  apparatus  is  placed,  at  the  diflance  of 
about  fixteen  or  eighteen  inches  from  the 
place  where  the  difcharge  is  to  be  made,  fo 
that  no  part  of  it  be  fo  near  to  any  part  of 
the  apparatus  that  is  electrified,  as  to  fleal 
away,  or  difperfe  any  part  of  the  charge.  The 
fpring-catch  is  let  loofe  by  a flick  of  glafs  in 
the  hand,  fo  that  there  is  no  danger  of  be- 
ing affeCted  by  the  flroke. 

Plate  3,  fig.  1,  fhews  this  piece  of  appara- 
tus, or  fixed  difcharging  rod.  A,  is  the  foot 
of  it.  B,  is  a flrong  piece  of  glafs,  fixed  in 
a wooden  foeket,  which  fcrews  into  the  foot  A , 
to  infulate  the  upper  part  of  it.  C,  is  a cap 
of  box-wood,  with  a foeket  in  it  to  be  put 
upon  the  top  of  the  infulating  glafs  B,  equal 
in  height  to  the  prime  condu&or  of  die  ma- 
chine. D,  is  a piece  of  flout  wire,  bent  to 
a right  angle,  which  goes  through  a hole  in 
the  cap  C,  and  turns  freely  in  it.  The  wire  E , 
with  its  ball  at  one  end,  is  ferewed  into  the 
end  of  the  flout  wire  D;  the  wire  E , together 
with  its  ball,  is  about  fixteen  inches  long. 
The  wire  F,  has  a ball  of  lead  fixed  to  one 

end 
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end  of  it,  the  other  end  is  fixed  to  the  end  of 
the  ftout  wire  D,  at  the  back  of  the  cap  C, 
nearly  at  a right  angle  with  the  wire  E.  To- 
wards the  lower  part  of  the  cap  C,  is  fixed  to 
it,  the  fpring-catch  a,  which  has  a hole  in  it 
at  b;  the  wire  Dy  has  a pin  fixed  in  it  at  c,. 
which  proje6ls  a little  way  out  at  the  back- 
part  of  it,  fo  as  that  when  the  wire  E,  is  put 
perpendicular,  the  wire  F,  will  be  nearly  ho- 
rizontal, and  the  pin  in  D,  will  catch  into  the 
hole  at  b,  in  the  fpring  catch  a . When  the 
fpring  a,  is  preffed  back,  the  pin  c,  will  let 
go  its  hold,  and  the  ball  on  the  wire  Fy  fal- 
ling downwards,  will  throw  the  arm,  or  wire  E , 
upwards,  fo  as  to  pafs  by  the  prime  conductor, 
or  any  other  part  where  the  difcharge  is  de- 
figned  to  be  made,  at  a certain  diftance  from 
it,  and  make  the  difcharge  of  a battery,  &c. 
At  d,  is  a wire,  one  end  of  which  goes  into 
the  cap  C,  far  enough  for  the  ftout  wire  D, 
to  reft  upon  it  as  it  turns,  on  making 
the  difcharge,  in  order  to  make  the  me- 
talic  communication  complete  through  the 
cap  C:  the  other  end  terminates  in  a ring: 
through  this  ring  goes  the  wire  G,  with 

the 
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the  ball  on  its  upper  end  reding  upon  the 
ring,  and  moves  freely  in  it:  on  to  the  lower 
end  of  the  wire  G,  is  fcrewed  one  of  the  fcrew 
forceps,  which  receives  one  end  of  a wire,  that 
is  to  be  tried  what  force,  or  charge,  it  will 
bear  before  it  will  be  melted,  or  dedroyed. 


Fig.  2,  is  a lump  of  lead,  which  is  put  any 
where  upon  the  metalic  covering  on  which 
the  bottles  of  the  battery  dand : a hole  is 
made  in  the  lump  of  lead  to  receive  one  end 
of  a wire,  to  the  other  end  of  which,  is 
fcrewed  the  other  fcrew  forceps,  which  holds 
die  other  end  of  a wire,  as  the  former. 

Fig. 


In  Mr.  Adams’s  firft  edition  of  his  very  ufeful  EJJay  on  Elec- 
tricity, in  the  contents  of  the  book,  Chap.  XVI.  he  fays,  Mr. 
Brooke's  Electrometer  de/cribed,  but  I cannot  perceive  how  any  per- 
fon  who  had  not  feen  my  electrometer,  could  make  out  anything 
of  what  mine  is,  either  from  what  is  given  in  that  work  plate  5, 
fig.  96,  and  97,  or  by  what  is  there  faid  concerning  it.  That 
which  is  reprefented  by  fig.  96,  is  of  the  Gentleman’s  invention, 
mentioned  in  the  preceding  notes,  which,  he  was  fo  obliging  as  to 
fhew  to  me,  when  he  had  nearly  finilhed  it,  and  which  he  after- 
ward told  me  he  had  prefented  to  Mr.  Adams:  who  might  be  un- 
der an  injunction  not  to  add  the  inventor’s  name  to  it.  The  arms 
on  that  reprefented  at  fig.  97,  have  a refemblance  to  two  of  the 

arms 


DESCRIPTION  OF  THE  PLATES. 


25 


Fig.  3,  is  a piece  of  glafs  fixed  into  a 
wooden  handle,  ‘ to  prefs  back  and  difengage 
the  fpring-catch  before -mentioned. 

arms  on  mine,  but  the  method  there  given  to  graduate  the  upper- 
mold  arm,  is  very  different  from  the  method  that  I ufed  to  gra- 
duate mine;  nor  is  that  method,  in  my  opinion,  fo  accurate;  for 
unlefs,  in  that  method,  the  weights  that  are  to  be  laid  upon  the 
ball  be  put  exaflly  in  a line  over  the  points  of  fufpenfion,  the  gra- 
duations muff  be  very  irregular.  In  the  method  I ufed,  no  fuch  ir- 
regularity can  arife,  if  any  tolerable  care  be  taken  about  it.  In  the 
third  edition  of  Mr.  Adams’s  Book,  this  article  is  wholly  left  out 
in  the  table  of  contents,  and  only  noticed  in  the  index  to  the 
work;  where  it  is  faid,  under  the  article  Electrometer,  new  one 
fimilar  to  Mr.  Brooke’s:  but  the  fimilarity,  there  fpecified,  feems  to 
remain  the  fame  as  it  was  in  the  former  editions,  both  in  the  plates 
to  the  -work,  and  in  what  is  there  faid  about  it. 
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CHAPTER  II, 


MISCELLANEOUS  EXPERIMENTS 


ELECTRICITY. 


EXPERIMENT  L 
ITH  a battery  of  nine  bottles,  con- 


taining about  fixteen  fquare  feet  of 
coated  furface,  charged  to  thirty- two  grains  of 
repulfion,  which  charge  was  fent  through  a piece 
of  Jieel  wire  twelve  inches  long,  one  hun- 
dredth of  an  inch  thick,  eleven  times,  when 
it  was  fhortened  one  inch  and  a half,  being 
then  about  ten  inches  and  a half  long ; the 
twelfth  time,  the  wire  was  melted  to  pieces. 
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EXPERIMENT 
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EXPERIMENT  II. 

A charge,  with  the  fame  nine  bottles,  to 
thirty-two  grains  of  repulfion,  being  lent  through 
a piece  of  Jieel  wire  twelve  inches  long  and 
one  hundred  and  feventieth  of  an  inch  thick, 
the  full  time  melted  the  whole  of  it  into 
fmall  globules. 

O * 


EXPERIMENT  III. 

A charge  of  the  fame  nine  bottles  charged 
to  thirty-two  grains,  being  font  through  a piece 
of  bra  is  wire  twelve  inches  long,  one  hun- 
dred and  feventieth  of  an  inch  thick,  the  whole 
of  it  was  melted,  with  much  fmoke,  almolt 
like  gunpowder,  but  the  metallic  part  of  it  af- 
ter it  was  melted,  formed  itfelf,  in  cooling, 
chiefly  into  concave  hemifpherical  figures  of 
various  fizes. 

EXPERIMENT  IV. 

With  only  eight  of  the  above  bottles  charged 
to  thirty-two  grains,  the  charge  did  but  juft 
melt  twelve  inches  of  the  Jlcel  wire  one  hun- 
dred 
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dred  and  feventieth  of  an  inch  thick,  fo  as  to 
fail  into  feveral  pieces,  which  pieces  in  cool 
ing,  formed  themfelv.es  into  oblong  lumps 
joining  to  each  other  by  a very  fmall  part  of 
the  wire  between  each  lump,  which  was  not 
melted  enough  to  feparate.  but  appeared 
like  oblong  beads  on  a thread  at  different 
diflances. 

EXPERIMENT  V. 

The  fame  eight  bottles  charged  to  thirty- 
two  grains,  fo  perfectly  heated  twelve  inches 
of  brofs  wire,  about  one  hundred  and  feven- 
tieth of  an  inch  thick,  as  to  melt  it,  or 
foften  it  enough  for  it  to  fall  down  by  its 
own  weight  (from  the  forceps  with  which  it 
was  held  at  each  end)  upon  a fheet  of  paper 
placed  under,  to  catch  it;  and  when  it  fell 
down,  it  was  fo  perfectly  flexible,  that  by 
falling,  it  formed  itfelf  into  a bent,  or  rather, 
vermicular  fhape,  and  remained  entire  its 
whole  length,  i.  e.  about  twelve  inches  when 
it  was  put  into  the  forceps;  but  after  it  was 
fallen  on  the  paper,  it  fagged  fo  much  as  to 

be 
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be  flretclied  by  its  own  weight  from  twelve  to 
about  fifteen  inches  long;  and  by  falling  on 
the  paper  it  flattened  itfelf  the  whole  length 
of  it,  that  when  it  was  examined  with  a half 
inch  magnifier,  it  appeared  about  five  or  fix 
times  broader  than  it  was  in  thicknefs. 

EXPERIMENT  VI. 

With  nine  bottles  again,  charged  only  to 
twenty  grains,  the  charge  was  fent  through 
twelve  inches  of  Jiecl  wire,  one  hundred  and 
feventieth  of  an  inch  thick,  which  heated  it 
enough  to  melt  it,  fo  as  to  be  feparated  in 
many  places;  and  the  pieces  formed  them- 
felves  into  flrung-bead-like  fhapes  as  in  Ex- 
periment 4. 

EXPERIMENT  VII. 

With  the  fame  nine  bottles  charged  to  twenty 
grains,  the  charge  was  fent  through  ten  inches 
of  brafs  wire  one  hundred  and  feventieth  of 
an  inch  thick,  the  wire  was  heated  fo  red 
hot,  as  to  be  very  flexible,  yet,  it  did  not  fe- 
parate,  but  was  fhortened  near  three  eighths 
of  an  inch. 
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R E M ARK  I. 

In  the  feventh  experiment,  the  charge  was 
not  flrong  enough  to  heat  the  ten  inches  of 
brajs  wire,  fo  as  to  be  fufficiently  foftened,  that 
it  might  ftretch  as  in  Exp.  5,  but  the  flexibi- 
lity was  very  plain,  by  its  being  made  nearly 
ftraight  by  the  ftrcke. 

EXPERIMENT  VIII. 

A charge  of  nine  bottles,  charged  to 
twenty  grains  fent  a fecond  time  through  the 
laft  piece  of  wire,  melted  it  afunder  in  three 
places. 

REMARK  II. 

The  nine  bottles  charged  to  only  twenty 
grains,  in  Exp.  6,  7,  8,  feem  to  be  of  nearly 
the  fame  power  as  eight  of  them  charged  to 
thirty  grains,  as  in  Exp.  4 and  5,  but  not 
exa&ly  fo,  in  Exp.  7,  where  the  wire  was 
brafs , as  in  Exp.  5,  the  quantity  of  coated 
furface  was  one  ninth  more  than  the  fifth  Ex- 
periment,  though  the  charge  was  not  fo  high 

by 
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by  one  third,  which  is  a great  difproportion; 
but  the  length  of  the  wire  was  lefs  by  one- 
fixth,  which  brings  it  much  nearer;  as  will  be 
explained  afterward. 

EXPERIMENT  IX. 

Nine  bottles  charged  to  thirty  grains  and  the 
charge  fent  through  twelve  inches  of  brafs 

O O J 

wire,  one  hundred  and  feventieth  of  an  inch 
thick,  treated  it  nearly  as  in  Exp.  5,  except 
that  it  was  feparated  in  two  places,  and  the 
pieces  meafured  about  fixteen  inches  and  a 
half  long;  but  perfeftlv  flattened  by  its  fall  on 
the  paper,  as  before. 

EXPERIMENT  X. 

Nine  bottles  charged  to  thirty  grains,  and 
the  charge  being  fent  through  eight  inches 
and  a half  of  brafs  wire  the  fize  of  the  lalf, 
wholly  difperfed  it  in  fmoke,  and  left  nothing 
, remaining  to  fall  on  the  fheet  of  paper, 
placed  under  it. 


REMARK 
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R E M A R K III. 

Experiments  the  ninth  and  tenth  feem  to 
fhew,  that  fomething  very  confiderable  is  fu- 
perinduced  or  avoided,  by  the  wire  being 
longer,  or  fhorter,  with  refpe£t  to  its  deftruc- 
tion,  or  prefervation,  fee  Remark  2. 

EXPERIMENT  XI. 

With  twelve  bottles,  charged  to  twenty 
grains,  the  charge  was  fent.  through  ten  inches 
of  Jteel  wire,  one  hundredth  of  an  inch  thick, 
which  made  the  wire  red  hot,  but  did  not  melt  it. 

EXPERIMENT  XII. 

A fecond  charge,  the  fame  as  the  laft,  was 
fent  through  the  fame  piece  of  wire  which 
heated  it  red  hot  as  the  firft  did,  but  it  was 
not  feparated;  this  piece  of  wire  was  now 
fhortened  five  fixteenths  of  an  inch. 

EXPERIMENT  XIIL 

A charge,  to  twenty-five  grains,  with  the 
fame  twelve  bottles,  was  fent  through  the 

F laft 
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laft  piece  of  wire,  which  melted  it  into 
many  pieces,  and  many  globules  of  calcined 
metal. 

EXPERIMENT  XIV. 

A charge  of  fifteen  bottles,  charged  to  twenty- 
five  grains,  was  fent  through  ten  inches  of 
Jieel  wire  one  hundredth  of  an  inch  thick, 
which  melted  it  the  firfl  time,  and  difperfed  a 
great  part  of  it  about  the  room'. 

EXPERIMENT  XV. 

A charge  with  the  laft  'fifteen  bottles, 
charged  to  twenty  grains,  juft  melted  ten 
inches  of  Jieel  wire,  the  fize  of  the  former, 
fo  as  to  run  into  beautiful  globules,  nearly  as 
in  Exp.  13. 

REMARK  IV. 

This  laft  Experiment  fo  nearly  reftmbles 
the  13th,  that,  exclufively  of  the  wire  having 
received  two  ftrokes  before  they  perfectly 
agree.  In  this  laft  experiment,  the  quantity  of 
coated  furface  was  one  fifth  part  more  than 
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in  the  former,  but  the  height  of  the  charge 
was  one  fifth  part  lefs : in  the  former,  the  height 
of  the  charge  was  one  fifth  part  more,  but  the 
quantity  of  coated  furface  was  one  fifth  part 
lefs  than  the  latter;  fo  that  the  deficiency  on 
one  fide,  in  either  cafe,  is  made  up  by  the 
excefs  on  the  other. 

EXPERIMENT  XVI. 

A charge  of  fifteen  bottles,  charged  to  fif~ 
ten  grains,  being  fent  through  ten  inches  of 
Jlcel  wire,  the  fize  of  the  laft,  it  was  barely 
made  red  hot;  but  it  was  fhortened  one-tenth 
of  an  inch,  by  the  firoke  palling  through  it. 

EXPERIMENT  XVII. 

The  laft  piece  of  wire  having  a charge  of 
fifteen  bottles,  charged  to  twelve  and  a half 
grains,  fent  through  it,  did  not  make  it  red  hot. 

EXPERIMENT  XVIII. 

A charge  of  the  fame  fifteen  bottles,  charged 
to  twenty*  five  grains  was  fent  through  the 
fame  piece  of  wire,  which,  feemingly,  tore 
the  wire  into  fplinters. 

F 2 
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REMARK  V. 

This  wire  did  not  run  into  globules  when 
it  was  feparated,  as  in  Exp.  15.  The  five 
grains,  in  this  laft,  above  the  former,  feem  to 
have  made  the  charge  fo  ftrong,  as  to  a£t  upon 
the  wire  inftantaneoufly:  whereas,  in  molf  of 
the  experiments,  where  the  wire  was  melted 
into  globules,  the  heat  does  not  arrive  at  its 
height  fo  rapidly;  but  its  progrefs  is  often  fo 
flow  as  to  make  it  very  pleafmg  when  the 
fufion  comes  on. 

EXPERIMENT  XIX. 

Four  bottles,  charged  to  thirty  grains,  juft 
melted  three  inches  of  Jieel  wire,  one  hundred 
and  feventieth  of  an  inch  thick,  fo  as  to  fall 
into  pieces. 

EXPERIMENT  XX. 

Five  bottles,  charged  to  twenty-five  grains, 
moft  beautifully  melted  three  inches  of  fuch 
wire  as  the  laft,  into  large  globules. 


REMARK 
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REMARK  VI. 

The  four  bottles  did  not  do  quite  fo  much 
as  the  five,  in  the  two  laft  experiments,  al- 
though they  were  charged  higher : the  charge 
of  the  former  was  higher  by  one  fixth  part 
than  the  charge  of  the  latter,  but  the  quantity 
of  coated  furface  in  the  five  was  one  fifth  more 
than  in  the  four,  fo  that  the  increafe  of  fur- 
face  in  the  five  was  fomething  more  in  pro- 
portion than  the  increafe  of  charge  in  the 
four.  It  is  very  probable  that  if  the  four 
bottles  had  been  charged  a fingle  grain  higher, 
their  effeft  might  have  been  equal  to  that  of 
the  five. 


EXPERIMENT  XXL 

Eight  bottles,  charged  to  fifteen  grains,  melted 
three  inches  of  Jieel  wire  one  hundred  and 
feventieth  of  an  inch  thick,  fimilar  to  the 
five  in  the  laft  experiment;  fo  nearly  alike 
both  in  appearance  and  effe£fc,  that  it  might 
have  been  faid  to  be  the  fame. 


EXPERIMENT 
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EXPERIMENT  XXII. 

Ten  bottles  charged  to  twelve  and  a half 
grains,  rather  exceeded  Exp.  19,  but  fcarcely 
came  up  to  Exp.  20,  and  21. 

EXPERIMENT  XXIII. 

Sufpe£ting  fomething  in  Exp.  19,  I found, 
that  though  my  bottles  hitherto,  were  as  nearly 
of  the  fame  fize  as  I could  procure  them,  yet, 
fome  of  them  were  a little  lamer  than  others, 
and,  which  was  the  cafe  in  Exp.  19,  one  of 
the  four  was  fmaller  than  the  other  three,  fo 
that  I repeated  the  experiment  with  four  bottles 
more  equal  in  fize,  and  charged  them  to  thirty 
grains,  and  the  fufion  was  as  perfect  as  in 
any. 

REMARK  VII. 

In  Exp.  22,  there  were  two  fmall  bottles 
amongfl  them:  one  of  thefe  fmall  ones,  was 
rather  larger  than  the  other;  had  I taken  care 
to  adjuft  the  increafe  and  decreafe  of  charge, 
exa£lly  in  proportion  to  the  augmentation  and 

diminution 
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diminution  of  furface,  the  laft  five  experiments 
probably  would  have  been,  both  in  appear- 
ance  and  effect,  fo  much  alike  as  fcarcely  to 
have  been  diftinguifhable. 

EXPERIMENT  XXIV. 

A charge  to  thirty  grains  with  the  fame  four 
bottles  as  in  Exp.  1 9,  was  fent  through  a piece 
of  fteel  wire  fix  inches  long  and  one  hun- 
dred and  feventieth  of  an  inch  thick;  but 
it  would  not  melt  the  wire  this  length;  it  was 
but  barely  made  red,  or  rather  of  a purplifh 
red. 


EXPERIMENT  XXV. 

A charge  to  twenty-five  grains  with  the 
fame  five  bottles  as  in  Exp.  20,  affected  fix 
inches  of  wire  like  the  laft,  very  nearly  in  the 
fame  manner,  as  in  the  preceding  experiment. 

EXPERIMENT  XXVI. 

A charge  to  fifteen  grains  with  the  fame 
eight  bottles  as  in  Exp.  21,  only  heated  fix 
inches  of  wire  like  the  laft,  juft  as  in  Exp.  24. 

REMARK 
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REMARK  VIII. 

The  power  of  the  charge  in  either  of  the 
three  laif  experiments  feems  to  be  almoft 
alike,  and  the  only  apparent  caufe  why  the 
wire  was  not  melted  as  in  Exp.  ig,  20,  21, 
was  the  difference  in  the  length  of  the  wires, 
fee  Remark  2 and  3. 

EXPERIMENT  XXVII. 

A charge  to  twenty  grains,  with  the  laft 
eight  bottles,  very  finely  melted  fix  inches  of 
Jteel  wire  one  hundred  and  feventieth  of  an 
inch  thick. 

EXPERIMENT  XXVIII. 

With  two  bottles,  charged  to  forty-five  grains, 
the  charge  was  fent  through  one  inch  of  fuch 
fized  Jleel  wire  as  the  laft,  which  only  changed 
its  colour. 


REMARK  IX. 

The  changing  of  the  colour  in  the  laft 
experiment  feems  to  Ihew  that  the  charge 

paffed 
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palled  chiefly  through  the  wire,  as  the  fpark, 
or  light  of  the  charge  was  not  viflble  at  the 
wire,  although  the  ends  of  the  forceps  were 
fo  near  to  each  other. 

EXPERIMENT  XXIX. 

Three  bottles,  with  a forty  grains  charge 
difperfed  one  inch  and  a half  of  Jieel  wire,  the 
fize  of  the  laft,  all  about  the  room. 

EXPERIMENT  XXX. 

As  a Jieel  wire  of  one  hundredth  of  an  inch 
thick  has  nearly  double  the  quantity  of  metal 
of  a wire  one  hundred  and  feventieth  of  an 
inch  thick,  fo  I took  three  inches  of  the  former, 
and  fent  a twenty-five  grains  charge  with  ten 
bottles  through  it,  which  melted  it,  juft  as  the 
five  bottles  did  in  Exp.  20. 

EXPERIMENT  XXXI. 

Twenty  bottles  charged  to  twelve  grains  and 
a half,  melted  three  inches  of  Jieel  wire,  the 
fize  of  the  laft,  exa6lly  fimilar  to  the  foregoing 
experiment. 


G 
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EXPERIMENT  XXXII. 

As  a fleel  wire  of  one  eightieth  of  an  inch  thick 
contains  nearly  twice  the  quantity  of  metal  in 
the  fame  length  as  a fled  wire  of  one  hundreth, 
or  four  times  the  quantity  of  a fleel  wire  of  one 
hundred  and  feventieth  of  an  inch  thick,  fo  it 
might,  from  the  foregoing  experiments,  be 
expe£led  that  twenty  bottles,  charged  to  twenty- 
five  grains,  would  melt  three  inches  of  fled 
wire  one  eightieth  of  an  inch  thick,  but  on  a 
great  many  trials  twenty  bottles  could  not  be 
procured  that  would  bear  the  difcharge,  when 
charged  to  twenty -five  grains;  for  at  the  dif- 
charge there  would  be  always  one,  or  more  bottle 
or  bottles  broken,  or  perforated.  I was  now  re- 
duced to  the  neceffity  of  being  content  with 
getting  bottles  of  any  fize  that  would  bear  the 
required  charge,  from  one  to  three  gallons 
each,  or  that  contained  from,  about  one  hun- 
dred and  fifty,  to  three  hundred,  or  more, 
fquare  inches,  of  coated  furface,  each;  but  all 
in  vain,  my  only  refource  left  (as  I was  not 
near  any  glafs-houfe)  was,  to  increafe  the 
quantity  of  furface,  and  not  to  charge  fo  high, 

and 
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and  to  proportion  the  one  to  the  other,  [fee 
Remark  6,]  a third  part  was  concluded  on  to 
be  tried,  that  is,  inftead  of  about  thirty*  fix  feet 
of  coating,  I added  one  third,  or,  twelve  feet, 
which  made  it  forty-eight  feet:  and  that,  inhead 
of  charging  to  twenty-five  grains  (or  twenty- 
four  grains)  which  divides  by  three  better,  to 
omit  one  third  of  the  height  of  the  charge, 
which  leaves  fixteen  grains,  and  thus  I fuc- 
ceeded  perfectly  well;  for  three  inches  of  Jtecl 
wire  one  eightieth  of  an  inch  thick  was  as  cu- 
rioufly  melted  with  forty-eight  feet  of  coated 
furface,  charged  to  fixteen  grains,  as  any  of 
the  former*. 


REMARK  X. 

Thefe  bottles,  thus  broken  in  large  dis- 
charges, feem  always  to  break,  or  to  be  ftruck 

* The  deftruCtion  of  fo  many  bottles  in  the  laft  experiment  To 
much  altered  the  battery,  which  hitherto  was  not  fo  commodious 
as  could  be  wifhed,  that  I refolved  to  make  the  arrangement  anew, 
and  in  the  order,  mentioned  in  the  introduction  to  the  work,  by 
which  any  fingle  bottle  or  any  number  of  them  may  be  difengaged 
very  readily  without  removing  any  of  the  other,  and  in  this  form 
it  has  been  continued. 

G 2 
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through,  nearly  in  the  thinned,  but  never  in 
the  thickeft  place,  which  {hews  the  neceffity 
of  fubdance  in  the  glafs.  [See  introdu£lion 
to  the  work.] 

EXPERIMENT  XXXIII. 

As  in  Exp.  19,  and  21,  where  the  former  is 
but  half  the  quantity  of  coated  furface  of  the 
latter,  charged  to  thirty,  and  the  latter  to  lif- 
teen  grains,  to  know  how  high  forty-eight 
feet  of  coating  muff  be  charged  to  produce 
the  fame  effe<d  exactly:  and  as  the  quantity 
of  coating  in  four  bottles,  confiding  of  a little 
more  than  fix  feet  and  a half,  is  contained  in 
forty-eight  feet  a little  more  than  feven  times; 
fo  I tried  by  charging  forty -eight  feet  only  to 
a little  more  than  four  grains,  or  only  about 
one  feventh  part  fo  high,  as  four  times  feven  is 
twenty-eight,  that  is,  but  two  lefs  than  thirty, 
and  this  had  exactly  the  fame  effedt  on  the  wire, 
which  was  one  hundred  and  feventieth  of  an 
inch  thick,  and  three  inches  long,  as  the  former. 


EXPERIMENT 
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EXPERIMENT  XXXIV. 

As  the  lab  experiment  agreed  fo  exa£tly 
with  Exp.  19  and  20,  the  next  thing  tried 
was,  to  fee  the  effect  of  forty-eight  feet  of 
coated  furface  charged  to  a little  more  than 
four  grains,  upon  fix  inches  of fleet  Wire,  the  hze 
of  the  laft ; but  this  was  only  made  very  faintly 
red. 

EXPERIMENT  XXXV. 

A repetition  of  the  laft  experiment  with  the 
fame  length  of  the  fame  wire,  to  fee  how  often 
the  fame  charge  might  be  fent  through  before 
it  would  be  melted,  and  to  obferve  the  ap- 
pearance of  the  wire  after  each  broke.  The 
eighth  broke  melted  it  into  feveral  pieces. 
After  the  firb  broke  the  rednefs  grew  lefs  every 
time,  even  the  lab  time,  when  it  was  feparated. 
The  brb  broke  though  little  more  than 
fairly  red,  made  it  fo  bexible,  that  by  a 
little  more  than  its  own  weight,  (about  a 
penny-weight  more)  it  was  apparently  made 
perfe£tly  braight  when  it  was  cooled:  about 

the 
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the  third  Or  fourth  broke  it  began  to  appear 
zigzagged;  after  the  fixth  broke  the  furface  of 
it  appeared  rough;  after  the  feventh  broke  the 
furface  was  very  roughly  fcoribed,  or  fcaly; 
and  fome  of  the  fcales  had  fallen  off  upon  a 
piece  of  white  paper,  placed  under  it,  at  about 
half  an  inch  dibance  below  it.  The  eighth 
broke  melted  it  in  three  places,  and  at  thofe 
places  where  the  angles  appeared  the  fharpeb, 
or  mob  acute;  a great  number  of  the  fcaly 
appearances  were  driven  off  about  the  paper, 
which  appeared  like  fplinters,  [fee  Exp.  18.] 
fome  of  them  were  almob  one  tenth  of  an  inch 
long,  and  fome  of  them  about  a third  or  a fourth 
part  of  the  diameter  of  the  wire  in  breadth, 
and  very  thin:  after  the  feventh  broke  it  was 
fhortened  feven  fixteenths  of  an  inch : the 

wire  was  one  hundred  and  feventieth  of  an 
inch  thick. 

EXPERIMENT  XXXVI. 

Repeating  Exp.  34,  again,  with  the  fame 
fize,  and  length  of  wire,  and  the  fame  battery 
charged  the  fame,  in  order  to  obferve  the  me- 
thod 
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thod  of  the  wire  fhortening,  having  fixed  an 
infulated  gage  parallel  to,  and  about  a quarter 
of  an  inch  diflant  from  it : after  the  firft 

llroke,  which  made  the  wire  fairly  red,  (it  be- 
ing fixed  at  one  end,  that  the  fhortening  might 
appear  all  at  the  other,  which  was  held  fo  as 
either  to  contraCt  or  dilate)  I obferved  that  it 
fhortened  confiderably  as  it  cooled;  repeat- 
ing the  ftroke,  it  did  the  fame,  and  fo  on  till  it 
was  melted,  which  was  by  the  eighth  ftroke,  as 
before.  At  the  inftant  that  the  ftroke  pafled 
through  the  wire  it  appeared  to  dilate  a little, 
and  after  it  was  at  its  hoteft,  it  gradually 
contracted  after  every  ftroke  as  it  cooled, 
about  one  fixteenth  of  an  inch  each  time, 
the  dilating  was  fo  very  little,  as  to  bear  but  a 
very  fmall  proportion  to  its  contraction,  and 
fometimes  it  was  doubtful  whether,  or  not,  it 
did  dilate  at  all;  but  after  all  the  obferva- 
tions  it  appeared  oftener  as  if  it  did  dilate, 
than  as  if  it  did  not. 


EXPERIMENT 
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EXPERIMENT  XXXVII. 

The  fame  battery  with  forty-eight  feet  of 
coated  furface  charged  to  fix  grains,  melted 
fix  inches  of  Jleel  wire  one  hundred  and  fe- 
ventieth  of  an  inch  thick,  the  mod  pleafmgly 
into  the  fined  dmng-bead  fhapes  that  I have 
hitherto  obferved. 

EXPERIMENT  XXXVIII. 

The  fame  forty-eight  feet  battery,  charged 
to  feven  and  a half  grains,  very  finely  melted 
twelve  inches  of  Jleel  wire  the  fize  of  the  lad. 

EXPERIMENT  XXXIX. 

The  fame  forty-eight  feet  again,  charged  to 
fix  grains,  would  not  make  twelve  inches  of 
wire  like  the  lad,  red  hot. 

EXPERIMENT  XL. 

The  fame  forty-eight  feet  negatively  charged 
to  a little  more  than  four  grains,  melted  three 
inches  of  Jleel  wire,  one  hundred  and  feven- 

tieth 
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ticth  of  an  inch  thick  the  fame  as  the  pojitive 
charge  did  in  Exp.  33. 

EXPERIMENT  XLI. 

.The  fame  battery  of  forty-eight  feet  of 
coated  furface,  charged  to  a little  more  than 
eight  grains,  melted  three  inches  of  fled  wire, 
one  hundredth  of  an  inch  thick.  This  is  very 
nearly  in  proportion  to  Exp.  30,  but  here 
the  charge  was  negative,  and  the  fufion  was 
the  moft  pleafmg  of  any  I have  hitherto  had: 
probably  owing  to  the  charge,  by  chance,  hap- 
pening to  be  lb  well  adjuded  as  to  be  exactly 
fufficient  to  melt  the  wire  and  no  more:  it 
held  hot  the  longed,  and  the  fufed  metal 
ran  into  the  larged  globules:  probably  the 
length  of  the  time  that  the  heat  continued, 
was  owing  to  the  charge  being  jud  fufficient, 
and  to  the  fize  of  the  lumps  that  the  fufed  metal 
formed  itfelf  into. 

REMARK  XI. 

The  ten  bottles  in  Exp.  30,  were  of  fuch 
a fize  that  the  contents  of  their  coated  fur- 

id  face 
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face  was  very  near  one  third  part  of  forty- 
eight  feet,  equal  to  the  contents  of  coated  fur- 
face  in  the  battery  ufed  in  the  laft  experiment, 
that  is,  about  eighteen  feet,  but  the  charge  of 
the  former  being  two  thirds  higher,  made 

O O' 

their  effect  fo  very  nearly  equal. 

EXPERIMENT  XLII. 

Forty -eight  feet  as  in  laid  experiment,  charged 
to  nine  grains,  melted  eighteen  inches  of 
Jleel . wire  one  hundred  and  feventieth  of  an 
inch  thick;  it  was  melted  at  both  ends  into 
globules,  and  Itrung-bead  lhapes  about  four, 
or  five  inches  at  each  end,  but  there  remained 
about  nine  inches  unfeparated  in  the  middle 
part  of  the  wire,  the  ends  of  it  were  clearly 
made  much  hotter  than  the  middle,  which 
was  made  only  fairly  red,  and  cooled  very 
foon;  neverthelefs,  it  was  fo  heated,  as  to 
calcine,  or  fcorify,  the  outfide  of  the  wire 
the  whole  length  that  remained  unfeparated; 
and  when  it  was  taken  up,  by  handling,  it 
bent  angularly,  and  at  every  bending,  the 
calcined,  or  fcorihed,  metal  broke  away  and 

fell 
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fell  off,  leaving  the  internal  part  of  the  wire  quite 
perfect,  except  that  it  was  much  diminifhed 
by  the  fcorification ; but  whilft  in  the  hands, 
it  appeared,  between  the  bendings,  to  be  en- 
larged, about  one  third  part  in  thicknefs. 

EXPERIMENT  NLIII. 

A repetition  of  Exp.  1,  with  twelve 
inches  of  Jleel  wire,  one  hundredth  of  an  inch 
thick,  but  with  this  difference,  that,  as  then  I 
ufed  only  nine  bottles,  containing  about  fix- 
teen  fquare  feet  of  coated  furface  charged  to 
thirty- two  grains,  I here  ufed  eighteen  bottles 
containing  about  thirty-two  fquare  feet  of 
coating  charge  dto  only  fixteen  grains.  This  was 
done,  to  obferve  the  progrefs  of  the  deftruc- 
tion  of  the  wire,  as  in  Exp.  35,  as  well  as  to 
prove  the  fimilarity  of  the  effect.  The  wire 
being  the  fame  fize,  fort  of  metal,  and  length, 
as  recited  juft  above;  the  hrft  ftroke  made  it 
fairly  red  hot  the  whole  length  of  it  with 
fmoke  and  fmell,  changed  its  colour  to  a 
kind  of  copperifh  hue,  and  fhortened  it  confi- 
derablv;  the  fecond  ftroke  made  it  of  a fine 

H 2 blue. 
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blue,  but  it  did  not  appear  red,  and  fliort- 
ened  it  more;  at  the  third  ftroke,  it  became  zig- 
zagged, many  radii  were  very  vifible  at  the 
bendings,  and  continued  to  fhorten  till  the 
eleventh  ftroke,  when  one  of  the  bottles  in 
the  fecond  row  of  the  battery  was  ftruck 
through,  the  fra&ure  was  covered  over  with 
common  cement*,  its  place  fupplied  by 
changing  place  with  one  in  the  third  row, 
fuppoling  the  mended  one  to  be  the  weakeft, 
[fee  the  introduction  to  the  work]  and  thus, 
with  the  battery  in  this  (late,  I made  the 
twelfth  ftroke,  which  feparated  the  wire,  as 
in  Exp.  1,  but  this  wire  was  fhortened  only 
one  inch. 

* This  cement  is  very  cheap  and  eafily  made,  as  follows : take 
eight  ounces  of  fpanifh  white,  heat  it  very  hot  in  an  iron  ladle,  to 
evaporate  all  moifture,  and  when  cool,  fift  it  through  a lawn  fieve, 
then  add  three  ounces  of  pitch,  three  quarters  of  an  ounce  of  rofin, 
half  an  ounce  ofbees-wax,  heat  them  altogether  over  a gentle 
fire,  till  the  mixture  is  pretty  hot,  frequently  ftirring  it,  for  near 
an  hour;  then  take  it  oft'  the  fire,  continue  the  ftirring  till  it  grows 
cool,  and  it  is  fit  for  ufe. 


REMARK 
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REMARK  XII. 

The  ceafmg  of  the  appearance  of  the  wire 
being  heated  red  hot  after  the  firft  broke, 
feems  to  be  owing  to  the  firft  broke,  in  its  paf- 
fage,  calcining  the  outfide  of  the  wire  to  a 
certain  depth  or  thicknefs,  which  calcination 
remaining  upon  the  wire,  conceals  the  red- 
nefs  at  the  fecond  and  fucceeding  flrokes.  In 
Exp.  42,  is  a fufficient  proof  of  the  calcining  the 
outer  furface  of  the  wire  when  it  only  appears 
fairly  red  hot:  in  that  experiment  is  a proof 
of  various  degrees  of  heat,  produced  at  the 
fame  time,  from  perfect  deftru£tion  of  the  wire 
to  its  appearing  only  fairly  red  hot.  What 
advantage  fuch  experiments-  as  this  may  be 
of,  in  determining  the  direbtion  of  the  elec- 
tricity, time  and  perfeverance  may  fhew. 

EXPERIMENT  XLIV. 

A repetition  of  Exp.  43,  with  the  fame 
eighteen  bottles,  charged  the  fame,  and  a piece 
of  wire  the  fame  length  and  fize;  relative  to' 
the  wire  bein^  heated  red  hot  the  firft  time 

and 
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and  not  after,  till  the  twelfth  broke,  when  it 
was  melted.  The  hrb  broke  made  it  red  hot, 
and  produced  much  fmoke,  as  before,  but  no 
fmoke  or  rednefs  at  the  fecond  broke;  after 
the  brb  broke  it  was  of  a copper  colour, 
but  of  a hne  blue  after  the  fecond,  and  be- 
gan to  be  zigzagged,  it  was  like  wife  biort- 
ened  one  tenth  of  an  inch,  by  thefe  two 
brokes. 


EXPERIMENT  XLV. 

With  the  lab  eighteen  bottles  charged  to 
twelve  grains,  the  charge  was  fent  four  times 
through  ten  inches  of  brafs  wire,  one  hundred 
and  bxtieth  of  an  inch  thick;  the  hfth  broke 
feparated  it,  and  fhortened  it  thirteen  fix- 
teenths  of  an  inch,  it  was  alfo  made  red  hot 
by  every  broke. 

EXPERIMENT  XLVI. 

A twelve  and  a half  grains  charge  with 
eighteen  bottles,  fent  through  three  inches  of 
Jleel  wire,  one  hundred  and  twentieth  of  an 
inch  thick  very  bnely  melted  it. 

EXPERIMENT 
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EXPERIMENT  XLVII. 

A twelve  and  a half  grains  charge  with  forty- 
eight  feet  of  coated  furface  was  made  to.pafs 
through  three  inches  of  brajs  wire,  one  hun- 
dred and  twentieth  of  an  inch  thick,  which 
juft  heated  it  red  hot  enough  to  fall  into  fe~ 
veral  pieces. 

REMARK  XIII. 

From  the  two  laft  experiments  it  appears,  that 
a brajs  wire,  of  the  fame  length  and  fize  of  a Jieel 
one,  will  bear  a charge  one  third  part  ftronger. 

EXPERIMENT  XLVIII. 

A charge  of  eighteen  bottles,  or  about  thirty- 
two  fquare  feet  of  coated  furface,  charged  to 
ten  grains,  fent  through  three  inches  of  Jieel 
wire,  one  hundred  and  twentieth  of  an  inch 
thick,  heated  it  fairly  red  hot. 

EXPERIMENT  XLIX. 

The  fame  eighteen  bottles  charged  to  eleven 
grains,  the  charge  being  fent  through  the 

forme 
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former  piece  of  wire,  melted  it  into  feveral 
pieces;  but  thofe  parts  that  remained  in  the 
form  of  wire  were  very  much  fhivered  as  in 
Exp.  i8;  and  35. 

EXPERIMENT  L. 

The  laft  eighteen  bottles  charged  to  eleven 
mains,  and  the  charge  fent  through  three 

O 7 O o 

inches  of  Jleel  wire  the  fize  of  the  laft,  heated 
it  very  red  hot,  hut  did  not  feparate  it. 

EXPERIMENT  LI.  ' * 

A charge  of  forty-eight  feet,  to  eleven 
grains,  heated  three  inches  of  broj's  wire,  one 
hundred  and  twentieth  of  an  inch  thick  red 
hot,  but  would  not  feparate  it,  for  it  remained 
whole  in  the  forceps  after  the  ftroke  had  paf- 
fed  through;  but  it  was  fo  very  near  being  fe- 
parated  by  the  ftroke,  that  it  parted  on  letting 
it  out  of  the  forceps:  the  ftroke  fhortened  the 
wire  one  twentieth  of  an  inch. 


REMARK 
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REMARK  XIV. 

The  two  laft  experiments  prove  what  is  ad- 
vanced in  Remark  12,  but  the  brafs  wire  does 
not  appear  to  fcorify  with  the  ilroke  fo  much 
as  iron  or  JieeL 

EXPERIMENT  LII. 

A charge  of  forty-eight  feet  to  eight  grains 
fent  through  three  inches  of  copper  wire,  one 
hundred  and  feventieth  of  an  inch  thick,  feven 
times,  made  it  zigzagged,  but  not  much  fhorter, 
the  eighth  ftroke  feparated  it  at  one  end, 
clofe  to  the  forceps  which  held  it,  but  it  did 
not  appear  to  be  made  fenfibly  red  hot  at 
all,  notwithftanding  it  muft  have  been  often 
fo  at  the  place  where  it  was  melted:  which 
fpace  was  fo  very  fmall  as  barely  to  be  per- 
ceptible, like  as  when  a point  is  fet  upon  any 
flat  furface  of  iron,  and  a ftroke  from  a pound 
phial  being  fent  through,  both  the  point  and 
the  flat  furface  where  the  point  refted,  if  ex- 
amined with  a magnifying  glafs,  will  be  found 
to  have  been  melted,  and  a fpeck  may  be  feen; 

I but 
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but  the  rednefs  of  the  metal  will  fcarcely  be 
vifible. 


R E M A R K XV. 

..  . , • <%x 

As  obferved  in  the  laft  experiment  with  a 
point  and  a pound  phial,  I have  often  melted 
holes  in  a thin  fheet  of  brafs,  fuch  as  thofe 
from  which  grain  weights  are  cut. 

EXPERIMENT  LIII. 

A repetitition  of  the  laft  experiment,  only 
adding  two  grains  to  the  charge,  that  is,  ten 
grains,  inltead  of  eight,  as  in  the  laft,  with  a 
piece  of  copper  wire  the  fame  length  and  fize, 
which  was,  by  the  charge,  difperfed  all  about 
the  room. 

EXPERIMENT  LIV. 

A charge  of  forty-eight  feet  to  twelve  grains, 
lent  through  three  inches  of  copper  wire,  one 
hundred  and  fortieth  of  an  inch  thick,  heated 
it  red  hot,  enough  to  feparate  it  in  feveral 
places. 


EXPERIMENT 
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EXPERIMENT  LV. 

A repetition  of  the  laft  experiment,  with 
the  fame  fuccefs,  every  circumftance  being 
alike  both  in  the  wire  and  the  charge. 

EXPERIMENT  LVI. 

A charge  of  forty-eight  feet  to  fix  grains 
fent  through  three  inches  of  jteel  wire,  one 
hundred  and  feventieth  of  an  inch  thick,  difi- 
perfed  the  whole  of  it  in  red  hot  globules 
about  the  room. 

REMARK  XVI. 

The  additional  refiftance  that  is  made,  to 
the  eleflrical  ftroke,  by  the  additional  length  of 
a wire,  as  obferved  in  Remark  3,  very  plainly 
appears  in  this  laft  experiment;  and  the  ob- 
fervation  feems  to  hold  good  either  with 
large  or  fmall  quantities  of  coated  furface. 

EXPERIMENT  LVI  I.  * 

A charge  of  forty  eight-feet  to  five  grains, 
fent  through  three  inches  of  Jleel  wire,  one 

I 2 hundred 
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hundred  and  fortieth  of  an  inch  thick,  heated 
it  red  hot  fo  that  the  furface  of  the  wire  was 
fcorified  its  whole  length ; it  did  not  melt  it 
into  pieces,  but  fhortened  it  one  twentieth  of 
an  inch. 

EXPERIMENT  LVIII. 

A charge  of  forty-eight  feet  to  fix  grains, 
and  fent  through  three  inches  of  Jteel  wire 
one  hundred  and  fortieth  of  an  inch  thick, 
melted  it  into  fine  globules. 

REMARK  XVII. 

Hence  it  appears  that  a piece  of  copper 
wire,  the  fame  fize  and  length,  will  bear  twice 
the  charge  that  a Jieel  wire  will,  [fee  Experi- 
ment 54.] 

EXPERIMENT  LIX. 

A repetition  of  the  laft  experiment  having 
every  circumffance  alike,  and  the  effe6t  was 
the  fame : this  repetition  was  only  to  afcertain 
the  fa£l  more  fully. 


EXPERIMENT 
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EXPERIMENT  LX. 

A charge  of  forty- eight  feet  of  coated  fur- 
face  to  between  ten  and  eleven  grains  was 
fent  through  three  inches  of  Jleel  wire,  one 
hundredth  of  an  inch  thick,  which  juft  melted 
it  fo  as  to  feparate. 

REMARK  XVIII. 

Hence  it  feems  as  if  a copper  wire  of  one 
hundred  and  fortieth  of  an  inch  thick,  would 
bear  as  great  a charge  as  a Jleel  wire  of  double 
the  fize  and  equal  in  length;  or  that  the  cop - 
per  wire  would  be  i ather  the  fafeft. 

EXPERIMENT  LXI. 

A charge  of  forty-eight  feet,  charged  to 
twelve  grains,  being  fent  through  one  inch 
and  a half  of  Jleel  wire,  one  hundredth  of 
an  inch  thick,  the  wire  was  difperfed  all 
about  the  room. 

EXPERIMENT  LXII. 

The  fame  charge  as  the  laft  was  fent  through 
one  inch  and  three  eighths  of  copper  wire  one 

hundred 
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hundred  and  fortieth  of  an  inch  thick,  but  the 
charge  did  not  feparate  it. 

REMARK  XIX. 

Now  it  feems  to  be  confirmed,  that  a copper 
wire  of  almoft  any  length  and  fize,  will  be 
equally  fafe  as  a fleet  wire  of  the  fame  length 
and  double  the  fize.  And  this  wire  not  being 
melted  as  in  Exp.  54,  the  charge  and  furface 
being  equal,  feems  to  be  owing  to  the  forceps 
being  too  near,  for  the  whole  of  the  charge 
to  pafs  folely  by  the  wire,  as  in  Exp.  28. 

Hitherto  it  may  appear  as  if  more  attention 
had  been  given  to  the  differentfizes  of  wires  (and 
the  forts  of  metal)  than  to  the  length  of  them ; but 
the  knowledge  of  the  latter,  is  as  fatisfa£lorily 
obtained,  as  the  former,  from  the  fame  ex- 
periments; for  it  appears  from  Experiments 
the  2d,  19th,  and  21ft,  that  a certain  quan- 
tity of  coated  furface  charged  to  a certain 
heighth,  will  melt  a wire  of  a certain  fize 
and  length  of  a certain  metal.  It  appears 
likewife,  from  the  fame  experiments,  that 

double 
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double  the  quantity  of  coated  furface,  charged 
to  the  fame  height,  will  deflroy  four  times 
the  length  of  the  fame  wire;  as  the  length 
of  the  former,  was  four  times  that  of  the 
latter,  and  the  quantity  of  coated  furface 
in  the  former,  was  about  double  that  of  the 
latter;  but  the  charge  was  nearly  equal  in 
both.  Or  the  obfervation  may  be  changed, 
thus,  that,  as  already  obferved,  a certain  quan- 
tity of  furface,  charged  to  a certain  height, 
will  melt  a wire  of  a certain  fize  and  length 
of  a certain  metal;  fo  it  appears  from  various 
other  experiments,  that  the  fame  quantity  of 
furface,  charged  twice  as  high,  will  do  the 
fame  execution,  as  twice  the  quantity  of  fur- 
face charged  half  as  high. 

Q O 

REMA  Pv  K XX.  * 

At  Experiments  33  and  34,  let  the  mean 
of  the  length  of  the  wires,  in  the  two  expe- 
riments, be  taken;  and  it  will  agree,  as  near 
as  poffible,  with  Exp.  42,  in  the  fame  pro- 
portion as  the  foregoing.  In  Exp.  33,  the 
wire  was  three  inches  long,  but  it  was  all 

melted 
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melted.  In  Exp.  34,  the  wire  was  fix  inches 
long,  but  none  of  it  was  melted.  Now  the 
mean  length  of  the  wires  in  the  above  two  ex- 
periments is  four  inches  and  a half;  which  is 
juft  equal  to  one  fourth  part  of  the  length  of 
the  wire  in  Exp.  4 2 : and  combining  thofe 
three  experiments,  the  effe6f  is  produced  as  in 
experiments  the  2d  and  21ft.  And  when- 
ever thefe  experiments  fhall  be  repeated,  with 
the  like  apparatus,  I am  inclined  to  think 
that  the  refult  will  be  found  very  nearly  the 
fame. 

EXPERIMENT  LXIIL 

A charge  of  forty-eight  feet,  to  five  grains, 
fent  through  three  inches  of  lead  wire,  one 
fixty-fixth  of  an  inch  thick,  melted  it  into 
many  different  pieces,  and  lumps  of  lead. 

EXPERIMENT  LXIV. 

A charge  of  forty-eight  feet  to  four 
grains,  melted  three  inches  of  lead  wire,  one 
fixty-fixth  of  and  inch  thick,  afunder,  in  three 
different  places. 


EXPERIMENT 
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EXPERIMENT  LXV. 

A charge  like  the  laft  was  fent  through 
fix  inches  of  lead  wire  like  the  laft,  which  only 
melted  it  afunder  about  the  middle  of  it. 

EXPERIMENT  LXVI. 

A charge  of  forty-eight  feet  to  eight  grains 
was  fent  through  three  inches  of  lead  wire 
one  fifty-fixth  of  an  inch  thick,  which  melted 
it  into  many  pieces. 

EXPERIMENT  LXVII. 

A charge  like  the  laft  was  fent  through 
fix  inches  of  lead  wire  the  fize  of  the  laft, 
which  only  melted  it  afunder  in  one  place 
near  the  middle. 

REMARK  XXI. 

As  a jleel  wire  of  one  fifty-fixth  of  an  inch 
thick  appears  to  contain  nearly  four  times  as 
much  metal  in  the  fame  length  as  a wire  of 
one  hundredth  of  an  inch  thick;  and  as  it 
took  a charge  of  about  eight  grains  with  forty  - 

K eight 
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eight  feet  of  coated  furface,  to  deftroy  three 
inches  of  the  latter;  [Exp.  41]  fo  it  appears 
that  a fteel  wire  would  be  four  times  as  effec- 
tual againft  the  electricity  or  lightning,  as  a 
lead  wire  of  the  fame  length  and  fize. 

EXPERIMENT  LXVIII. 

A charge  of  ten  grains,  from  forty-eight 
feet,  fent  through  three  inches  of  lead  wire, 
one  fiftieth  of  an  inch  thick,  made  no  fenfible 
alteration  in  it. 

EXPERIMENT  LXIX, 

A charge  of  forty-eight  feet,  to  twelve  grains, 
fent  through  three  inches  of  fuch  lead  wire 
as  the  laft,  melted  it  into  feveral  pieces. 

EXPERIMENT  LXX. 

A charge  like  the  laff  was  fent  through  fix 
inches  of  fuch  wire  as  the  laft,  which  only 
melted  it  afunder  in  one  place. 


EXPERIMENT 
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EXPERIMENT  LXXL 

A charge  of  forty-eight  feet,  to  fixteen 
grains,  was  fent  through  fix  inches  of  lead 
wire,  one  fiftieth  of  an  inch  thick,  which 
melted  it  into  many  pieces. 

EXPERIMENT  LXXII. 

A charge  of  forty-eight  feet,  to  fifteen 
grains,  was  fent  through  fix  inches  of  wire  like 
the  laft,  which  did  not  feparate  it,  but  made 
it  fmoke. 

EXPERIMENT  LXXIII. 

A charge  like  the  laft  was  fent  through  the 
laft  piece  of  wire  a fecond  time;  which  melted 
it  into  feveral  pieces. 

REMARK  XXII. 

The  law  by  which  wires  refift  definition,  in 
proportion  to  the  thicknefs  of  the  wire,  does  not 
feem  to  be  fo  equable,  by  much,  in  the  lead , as 
in  the  Jleel  wire.  For  a charge  of  four  grains,  in 
Exp.  64,  melted  three  inches  of  lead  wire,  one 

K 2 fixty- 
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fixty-fixth  of  an  inch  thick:  but  it  took  a charge 
of  about  three  times  that  power  to  deftroy 
three  inches  of  lead  wire  one  fiftieth  of  an 
inch  thick;  which  is  about  double  the  quan- 
tity of  metal  in  the  fame  length  as  in  that  of 
one  fixty-fixth  of  an  inch  thick,  [fee  Exp.  69.] 
Thus  it  is  eafy  to  find,  what  different  refiftance 
a wire  of  any  of  the  foregoing  metals,  of 
equal  fize  and  length,  will  make  to  the  elec- 
trical flroke,  or  to  lightning. 

The  length  of  the  ele£lric  circuit,  in  which 

o 7 

the  different  wires  were  placed,  in  the  fore- 
going experiments,  from  the  neareft  part  of 
the  infide,  to  the  neareft  part  of  the  outfide, 
of  the  battery,  exclufive  of  the  length  of  the 
faid  wires,  was  about  eight  feet. 

Notwithftanding  the  eafy  deftriuftion  of  the 
lead  wire  by  the  eleffrical  ftroke;  it  feems 
greatly  to  be  doubted,  whether  any  thunder 
ftrokes  happen  in  any  place  whatever,  ftrong 
enough  to  deftroy  a ftrip  of  lead  four  inches 
broad  and  of  the  thicknefs  of  about  eight  pounds 

to 


EXPERIMENTS  ON  ELECTRICITY  69 

to  the  Foot.  Whence  it  may  be  prefumed, 
that  fuch  a firip  of  lead  may  be  perfe£lly  fafe 
for  condu£lors  through  buildings  of  any  kind 
whatever:  as  it  is  not  much  fubject  to  decay 
in  any  common  expofure. 

The  mod;  remarkable  inflance  of  the  e fie  cl 
of  a thunder  broke,  which  ever  happened  in 
the  limits  of  my  knowledge,  was  at  a liable 
belonging  to  the  Rev.  Dr.  Sanby,  at  Denton, 
about  fourteen  miles  from  Norwich;  which 
happened  on  the  28th  of  July  1 775,  at  about 
fix  o’clock  in  the  afternoon:  where  the  gable 
end  of  the  fable,  which  faced  nearly  wef, 
was  very  much  damaged;  and  on  the  top  of 
the  gable,  which  was  brick  work,  was  fixed 
a vane  on  an  iron  rod,  whofe  length  was  about 
eight  feet;  and,  for  fteadinefs,  it  was  wrought 
up  in  the  brick-work  near  three  feet  down.  In 
the  roof  of  the  fable  is  a hay -loft;  and  about 
two  feet  below  the  floor  of  the  hay -loft,  about 
the  middle,  within  the  fable,  into  the 
brick- work,  was  driven  a large  iron  fpike; 
and  upon  this  fpike  was  hung  a pair  of  iron 

y angles ) 
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yangles*^  as  they  are  called.  The  broke  of 
the  lightning  feems  to  have  taken  its  paffage 
by  this  pair  of  yangles  as  they  hung,  and  the 
rod  of  the  vane;  and  in  its  paffage  the  yangles 
were  fo  compleatly  fixed,  at  the  joinings  of 
the  links,  by  being  melted  with  the  broke, 
that  the  whole  of  the  chain  remained  perfectly 
biff  and  braight,  and  adhered  fo  firmly  toge- 
ther, that  the  yangles  were  carried  to  the 
blackfmith’s  to  be  fet  loofe  again,  and  made 
fit  for  ufe.  The  rod  of  the  vane,  and  the 
vane  itfelf,  were  wholly  mifplaced,  and  never 
yet  were  found  any  where,  nor  is  it  expected 
now,  will  ever  be  found.  Great  part  of  the 
bricks  of  the  gable  were  thrown  in  various 
directions;  feme  of  them  were  thrown  over 
part  of  the  dwelling-houfe,  which  was  confi- 
derably  higher  than  the  bable,  to  the  dibance 
of  between  eighty  and  ninety  yards;  [which  I 
meahired  by  pacing  the  dibance:]  many  of  the 
windows  of  the  dwelling-houfe,  which  was  at 


* A kind  of  fetters  made  of  ftrong  iron  iinks,  to  fix  on  a horfes 
foot,  to  prevent  them  from  running  away  or  breaking  pafture. 
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about  twent-four  yards  diliance,  were  very 
much  broken.  A man  fervant,  who  was  in  the 
liable,  was  confiderably  benumbed,  but  re~ 
covered  himfelf  in  a few  hours  after.  There 
were,  likewife,  fome  horfes  in  the  liable,  but 
they  received  no  hurt. 

Hitherto,  the  liate  of  the  clouds  and  the 
earth,  in  the  time  of  thunder  ilorms,  appears 
to  be  very  far  from  being  well  afcertained. 
But  whoever  has  an  infulated  conductor  con- 
tinued into  a dry  and  clofe  room,  may  find* 
that  changes  in  the  air,  or  the  rain,  fnow, 
or  hail  falling  from  the  clouds,  from  nega- 
tive to  pofitive,  and  from  pofitive  to  negative, 
happen  fo  very  often,  that  it  does  not  appear 
eafy  to  difcover  the  liate  of  the  earth  at  fuch  a 
time.  Many  of  thefe  changes  may  be  obferved 
to  take  place,  by  a pair  of  fmall  cork  balls, 
fufpended  on  linen  threads  from  the  infulated 
condufior,  in  the  fpace  of  ten  minutes;  par- 
ticularly when  the  clouds  and  the  thunder  are 
near.  When  there  is  no  thunder,  or  lightning, 
but  only  rain,  fnow,  or  hail,  thofe  changes 

will 
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will  often  be  not  more  than  twice,  thrice  or 
four  times  during  the  whole  time  that  the 
cloud  is  palling  over,  and  fometimes  only 
once. 

A little  after  five  o’clock  in  the  morning 
of  July  7,  1784,  there  happened  a very  vio- 
lent ftorm  of  thunder  and  lightning  at  Bra- 
merton,  about  four  miles  from  Norwich, 
which  did  confiderable  damage  at  the  dwelling- 
houfe  of  Mr.  John  Gurney;  where  the  light- 
ning feemed  to  take  its  courfe  by  a bell  wire, 
part  of  which  was  brafs,  and  the  other  part 
iron.  That  of  iron  was  of  the  fize  called 
No.  21,  and  the  brafs  No.  20,  fo  that  the 
brafs  wire  was  the  thickeft;  and  it  was  melted 
into  many  pieces;  thefe  I picked  up  in  differ- 
ent rooms  which  it  went  through;  but  the  bell- 
wire  being  continued  into  a third  room,  and  the 
continuation  being  of  iron  wire,  and  fmaller 
than  the  brafs  one,  the  whole  of  it  was  dif- 
perfed  in  fmoke;  a great  quantity  of  which 
adhered  to  the  wainfcot  of  the  room,  and  no- 
thing elfe  of  the  wire  remained,  except  at  the 

ends 
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ends  where  it  was  failened  to  the  bell-drags; 
but  there,  the  wire  was  double,  being  twifted 
one  to  the  other,  and  both  the  iron  and  brafs 
remained  unhurt.  Thefe  I preferred  in  order 
to  examine  as  to  their  fize  and  weight.  The 
brafs  wire,  which  was  juft  feparated,  being 
the  fize  of  No.  20,  I procured  a piece  of  iron 
wire,  the  fame  fize,  and  cut  it  three  inches 
and  a quarter  long,  which  then  weighed  fix 
grains  and  feventy-nine  hundred  and  twenty- 
eighths  of  a grain,  nearly  fix  grains  and  five 
eighths. 

By  calculating  from  the  foregoing  obfer- 
vations,  it  appears  that,  for  the  iron  wire  to 
have  been  equal  in  power  againft  the  light- 
ning to  the  brafs  one,  the  fize  of  it  muft 
have  been  fo  much  larger  that  three  inches  and 
a quarter  in  length  muft  weigh  nearly  nine 
grains;  which  appears  to  be  a little  thicker 
than  that  which  is  called  No.  19. 

It  has  already  been  obferved  that,  double 
the  quantity  of  furface  charged  the  fame,  will 
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deftroy  four  times  the  length  of  wire,  [fee 
Remark  16.] 

In  Experiment  32,  it  plainly  appears,  that 
forty-eight  feet  of  furface,  charged  to  fixteen 
grains,  melted  three  inches  of  Jieel , or  iron 
wire  one  eightieth  of  an  inch  thick;  from 
which,  if  the  rule  holds  good,  eight  hundred 
and  fixty-four  fquare  feet  of  coated  furface, 
charged  to  fixteen  grains,  fhould  melt  three 
inches  of  iron  wire,  equal  in  power  again!! 
the  lightning  to  the  brafs  one  melted  at  Mr. 
Gurney’s.  And  hence,  preluming  the  rule  to 
be  good  in  all  cafes,  which  I hope  will  be 
tried,  if  Mr.  Gurney’s  wires  had  all  been  iron, 
of  the  fize  of  about  No.  19,  or  equal  in 
power  to  the  brafs  one,  in  preferving  itfelf, 
a charge  of  one  thoufand  four  hundred  and 
forty  feet  of  coated  furface*  charged  to  fixteen 
grains,  having  been  made  to  pafs  through  their 
whole  length,  which  altogether  was  about 
forty  feet,  would  have  deftroyed  them  in  the 
fame  manner  as  the  lightning. 


* A furface  of  about  thirty-eight  feet  fquare. 
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The  following  is  an  inftance  which  I never 
happened  of  before,  or  ever  repeated. 

Two  Gentlemen  coming  in,  to  fee  a piece 
of  wire  melted  by  electricity,  I proceeded  to 
{hew  it  them,  by  fixing  twelve  inches  of  Jieel 
wire,  one  hundred  and  feventieth  of  an  inch 
thick,  in  the  forceps,  and  then  (fuppofing  the 
ele&rometer  and  all  other  things  ready  placed) 
to  charge  the  battery,  but  the  eleChrometer  did 
not  move;  neverthelefs  I continued  charging, 
as  I fuppofed ; but  ftill  the  electrometer  re- 
mained as  it  was,  although  I had  been  charging 
much  longer  than  would  have  been  neceffary; 
contrary  to  my  defign,  which  was  to  take  a 
fmall  wire,  that  a fmall  charge  might  be  fuf- 
hcient.  Having  been  charging  a long  time,  I 
left  off  to  look  about  the  apparatus,  in  order 
to  fee  if  any  thing  was  not  right:  as  I was 
looking,  I found  there  was  no  communica- 
tion to  the  eleCtrometer,  and  heard  a fmall 
crackling  in  the  battery,  which  convinced  me 
that  it  was  charged.  Accordingly  I made  the 
difcharge,  expeCting  nothing  unufual;  but  the 

L 2 wire 
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wire  was  difperfed  feemingly  in  a very  violent 
manner.  The  report  was  fo  very  loud  that 
our  ears  were  ftunned,  and  the  flafh  of  light 
fo  veiy  great,  that  my  fight  was  quite  confufed 
for  a few  feconds.  The  fmgularity  of  the  ap  - 
pearances attending  this  experiment  led  me 
to  infer t it. 


CHAPTER 
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CHAPTER  III. 


MISCELLANEOUS  OBSERVATIONS 


LEYDEN  PHIAL. 


OTWITHSTANDING  the  number  of 


inhru&ive  as  well  as  entertaining  ex- 
periments on  ele£tricity,  and  in  particular 
thofe,  in  which  the  Leyden  Phial  is  ufed, 
moft  of  thofe  Gentlemen  who  have  been 
pleafed  to  confider  me  as  one  of  their  philo- 
fophical  correfpondents  on  this  fubje6l,  feem 
always  to  have  confidered  the  outfide  and  in- 
fide  of  the  Leyden  Phial,  at  the  time  that  it 
is  charging,  to  be  in  oppofite  hates,  that  is, 
one  negative , and  the  other  pojitive ; and  all  of 
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them 
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them  quote  Do6ior  Franklin,  in  fupport  of 
their  opinion. 

The  late  Mr.  James  fergufon*  was  firm  in 
this  opinion,'  till  I fhewed  him  that  this  was 
not  the  cafe. 

•.  An°^ier  Gentleman  to  whom  I had  men- 
tioned it  in  the  year  1775,  writes  as  follows, 

,£  I am-  ajlonijlied  at  what  you  tell  me , relating  to 
£ a charged  Leyden  Phial , and  long  much  to  fee 
£ ydti^  'pkip'efhmnt.  Till  I do,  I confefs  I cannot 

* help  thinking  there  mujl  be  fame  fallacy  in  it , 

* which  has . efcaped  both  yourfelf  a?id  Mr.  Fergu- 
son. If  however  the  fall  be  true , that  both  fides 

* of  the  phial  are  negative , or  both  fides  poftwe , 
c the  whole  of  .the  prefent  theory  muft  fall  to  the 

* ground  _ 1?  . 

* Mr.  Fergufon  gave  a courfe  of  Lectures  in  Norwich  in  the 
year  1769,  and  the  fame  again  in  April  1775. 

■f  I had  mentioned  to  this  Gentleman  that  Mr.  Fergufon  had 
been  with  me;  but  inftead  of  my  experiment  militating  againftthe 
prefent,  that  is,  Dr.  Franklin’s  Theory,  I think  it  very  ftrongly 
confirms  it. 
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Likewife  that  very  excellent  philofopher 
and  electrician,  the  late  Mr.  Wm.  Bewly, 
feems  to  have  been  firmly  eftablilhed  in  the 
fame  opinion,  who,  in  the  year  1780,  in  a 
letter  to  the  Rev.  Mr.  Morgan,  fpeaking  of 
two  Leyden  Phials,  one  hanging  to  the  tail 
of  the  other  fufpended  from  the  prime  con- 
ductor, and  defcribing  them  by  calling  the 
wire  that  enters  the  mouth  of  the  uppermofi, 
or  firft  phial  P,  the  wire  that  leads  from 
the  coating  of  the  firft,  and  enters  the  mouth 
of  the  fecond  phial  p,  the  coating  of  the 
firft  N,  and  the  coating  of  the  fecond  n,.  with 
a chain  leading  from  the  laft  to  the  floor, 
writes  as  follows : 4 / wonder  how  Mr.  Brook , with 
4 his  well  known  experience  in  eleClricity,  can  confider 
4 N and  p , as  in  the  fame  /late ; to  fiew  that 
‘ they  are  not ; it  is  fufficient  only  to  remove  them 
4 from  each  other:  when  he  will  fnd  that  p is 
4 politive,  and  N negative  he  may  take  a fiock 
6 from  them  by  bringing  them  together.  The  puz - 
4 zle  arifes  from  the  fame  conducting  fubfance  be - 
4 mg  connected  with  both .’ 


Is 
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Is  there  not  as  much  reafon  for  any ' 
one  to  wonder , how  any  electrician  can  con- 
fider  any  two  perfeft  metallic  fubllances  in 
a6lual  contact  with  each  other,  to  be  in  dif- 
ferent dates  of  eleftricity,  except,  as  in  Wil- 
fon  and  Hoadly’s  Experiments;  and  I never 
faid  that  they  were  not  fo,  when  they  were 
feparated.  Mr.  Bewly  adds,  4 it  may  be  Jaid 
4 there  ought  to  be  no  explofion  between  P and  p, 

4 becauje  they  are  both  pofitive ’ this  is  certainly 
true,  i but  p,  has  a metallic  communication  with 
4 TV,  the  negative  ouifide  of  the  uppermofl  phial  ’ 
here  is  a miftake;  for  this  outfide  is  not  nega- 
tive, at  lead  the  coating  of  it,  but  pofitive, 
having  a compleat  communication  with  p , the 
pofitive  infide  coating  of  the  lowermod  phial. 

4 The  fame  reafoning  will  apply  to  the  explofion 
4 which  takes  place  between  N and  n,  n is  un - 
4 doubtedly  negative this  is  alfo  certainly  true : 

4 and  fo  is  N’  but  this  is  plainly  a midake 
again,  for  TV  is  not  negative,  as  already  ob- 
ferved. 


In 
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In  the  preceeding  fedlion  Mr.  Bewly  fays, 
4 It  may  be  Jaid  there  ought  to  be  no  explofion  be - 
4 tween  P and  p,  becaufe  they  are  both  pofitive 
but  their  being  both  in  a pofitive  hate  does  by 
no  means  fhew  that  there  ought  to  be  no  ex- 
plofion, when  bottles  are  thus  fituated;  for  it 
is  generally  allowed,  that  where  there  are  un- 
equal portions  of  the  eleflric  fluid,  either  ne- 
gatively, or  pofitively,  if  a proper  communi- 
cation be  made  between  them,  an  explofion 
will  take  place:  and  this  appears  to  be  the 
cafe  between  P and  p,  at  leaf!  as  to  their  coat- 
ing ; for  admitting  that  no  more  of  the  elec- 
tric fluid  can  be  driven  into  the  infide  of  a 
bottle,  than  can  be  permitted  to  leave  the 
outfide,  and  that  that  which  is  driven  from  the 
outfide  of  the  firft  phial  is  driven  into  the 
infide  of  the  fecond;  and  admitting  that  all 
the  time  the  bottles  are  charging,  each  bottle 
will  poffefs  its  natural  quality;  yet  on  ceafmg 
to  charge  them  higher,  or  on  ceafmg  to  work 
the  machine,  the  portion  which  was  driven 
from  the  outfide  of  the  firff  phial  into  the 
infide  of  the  fecond,  will,  by  the  metallic 

M commu- 
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communication  between  them  both,  take  place 
not  only  in  the  infide  of  the  fecond  phial, 
but  will  return  and  take  place  on  the  outfide 
of  the  firft,  at  lead  fo  far  as  their  coatings 
are  confidered  to  be  concerned,  yet  the  in- 
fide of  the  firft  continues  as  it  was  when  the 
machine  ceafed  working.  Thus  the  infide  of 
the  firft  phial  will  contain  a quantity  of  the 
elefiric  fluid  nearly  equal  to  the  quantity  oc- 
cupying its  own  outfide  and  the  infide  of  the 
fecond;  therefore,  by  the  infide  of  the  firft 
being  now  fo  highly  charged  in  proportion 
to  its  outfide,  if  a communication  be  made 
with  an  inful ated  difcharging  rod  from  its 
wire  to  its  coating,  or  from  its  coating  to  its 
wire,  an  explofion  will  fucceed,  yet  neither  of 
the  bottles  will  be  difcharged;  but  inftead 
thereof,  the  infide  of  the  fecond  phial  and 
both  fides  of  the  firft,  whilft  the  communi- 
cation is  continued,  will  all  be  charged  equally 
high  and  of  the  fame  quality,  that  is,  pofi- 
tive:  fuppofmg  the  rubber  of  the  machine 
not  infulated.  Thus  it  feems  as  if  a coated 
glafs  phial  may  be  made  to  contain  more  than 

its 
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its  natural  quantity;  for  it  does  not  clearly  ap- 
pear, that  the  coating  alone  will  contain  all 
this  additional  quantity  about  the  bottle. 

Notwithftanding  all  that  has  been  done  with, 
or  faid  about,  the  find  phial,  with  refpeft  to 
the  great  quantity  that  the  inlide  of  it  con- 
tained  when  the  machine  ceafed  working;  a 
few  experiments  will  fhew,  that  the  fame  in- 
fid e may  be  altered  from  being  fo  ftrongly 
pofitive,  to  negative,  or  in  the  fame  hate  as 
the  outfide  of  the  fecond  phial  at  the  time 
that  it  had  a communication  by  a wire  to  the 
floor,  without  difcharging  the  phial  or  any 
more  working  the  machine,  and  will  alfo,  at 
the  fame  time,  afford  many  proofs  of  the  truth 
of  this  feemingly  new  conceived  opinion. 

EXPERIMENT  I. 

For  the  fake  of  convenience  let  the  appa- 
ratus be  a little  altered;  and  inftead  of 
two  phials  being  fufpended  from  the  prime 
conductor,  let  two  pound  phials  be  coated 
with  tin-foil  on  their  outfides,  and  filled  to  a 

M 2 


convenient 


84  OBSERVATIONS  ON 

convenient  height  with  common  fhot,  to  ferve 

O J 

as  a coating  within-fide,  as  well  as  to  keep  a 
wire  Heady  in  the  phials  without  a hopple  in 
the  mouth  of  them.  Let  each  phial  be  fur- 
nifhed  with  a wire,  about  the  fize  of  a goofe 
quill,  and  about  ten  inches  long,  and  let  each 
wire  be  fharpened  a little  at  one  end,  that  it 
may  the  more  eafily  be  thruft  down  into  the 
fhot,  fo  as  not  to  touch  the  glafs  any  where  at 
the  mouth  of  the  phials,  yet,  fo  as  to  hand 
fteadily  in  them.  Let  a metallic  ball  about 
6 or  7 eighths  of  an  inch  diameter  be  ferewed 
on  at  the  other  end  of  each  wire:  alfo  let 
there  be  in  readinefs  a third  wire,  fitted  up 
like  thofe  for  the  phials,  except  that  another 
ball  of  nearly  the  fame  fize  as  the  former,  may 
occafionally  be  ferewed  on  over  the  fharpened 
end  of  it.  I fay,  inftead  of  fufpending  the 
phials  from  the  prime  conductor,  as  before, 
let  one  of  thofe  above-deferibed,  be  charged 
at  the  prime  condudtor,  and  then  fet  it 
afide,  but  let  it  be  in  readinefs  in  its  charged 
fiate:  then  let  the  other  be  placed  upon  a good 
infulating  Hand,  and  let  the  third  wire  alfo  be 

laid 
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laid  upon  the  hand,  fo  that  its  ball,  or  fome  part 
of  the  wire,  may  touch  the  coating  of  the  phial. 
Let  the  fharpened  end  of  this  wire  project 
five  or  fix  inches  over  the  edge  of  the  Land: 
all  of  thefe  being  now  placed  clofe  to  the 
edge  of  a table,  hang  a pair  of  cork  balls 
on  the  fharpened  end  of  the  wire,  and  make  a 
communication  from  the  prime  conductor  to 
the  ball  on  the  wire  in  the  bottle:  on  work- 
ing the  machine,  the  fharpened  end  of  the 
wire  will  permit  the  bottle  to  be  charged  al- 
though it  be  infulated,  and  if  the  wire  be 
very  finely  pointed,  the  bottle  may  be  charged 
nearly  as  well  as  if  it  were  not  infulated:  I 

fay,  on  working  the  machine,  the  phial  will 
charge,  and  the  cork  balls  will  immediately 
repel  each  other:  but  whilft  this  phial  is 
charging  take  the  firft  phial,  which  having 
been  previoufly  charged  at  the  fame  prime 
condu£tor,  in  the  hand,  and  while  the  fecond 
phial  is  charging,  prefent  the  ball  of  the  firff 
to  the  cork  balls,  and  they  will  all  repel  each 
other.  This  plainly  proves  that  the  outfide  of 
the  fecond  bottle  is  electrified  plus,  at  the  time 

that 


86  OBSERVATIONS  ON 

that  it  is  charging,  the  fame  as  the  infide  of 
the  firft,  and  the  infide  of  both  the  bottles 
will  readily  be  allowed  to  be  charged  alike, 
that  is,  plus,  or  pofitive. 

EXPERIMENT  II. 

Let  the  fecond  bottle  in  the  laft  experiment 
be  wholly  difcharged,  and  charge  it  again 
as  before,  (the  firft  bottle  yet  remaining 
charged)  and  whilll  it  is  charging,  let  the  ball 
of  the  firft  approach  the  cork  balls  contigu- 
ous with  the  fecond,  and  they  will,  as  before, 
all  repel  each  other:  withdraw  the  ball  of  the 
firft,  and  fo  long  as  the  machine  continues  to 
charge  the  fecond  bottle  higher,  the  cork  balls 
will  continue  to  repel  each  other,  but  ceafe 
working  the  machine,  and  the  cork  balls 
will  ceafe  to  repel  each  other  till  they  touch, 
and  will  then  very  foon  repel  each  other 
again;  then  let  the  ball  in  the  firft  phial  ap- 
proach the  cork  balls,  and  they  will  now  be 
attra£led  by  it,  inftead  of  being  repelled  as 
above,  as  in  the  laft  experiment.  This  alfo 
plainly  fhews,  that  both  fides  of  a Leyden 
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Phial  are  alike  at  the  time  it  is  charging,  and 
at  the  fame  time  evidently  {hews,  that  the  dif- 
ference of  the  two  hdes  does  not  take  place 
till  after  the  bottle  is  charged,  or  till  the 
machine  ceafes  to  charge  it  higher. 

o o 

EXPERIMENT  III. 

In  this  experiment,  let  both  the  former  bot- 
tles be  difcharged,  then  let  one  of  them  be 
placed  upon  the  infulating  {land.  Let  a ball 
be  put  on  over  the  fharpened  end  of  the 
third  wire,  and  let  it  be  laid  on  the  hand  as 
before,  fo  as  to  touch  the  coating  of  the  phial: 
place  the  other  phial  on  the  table,  fo  that  its 
ball  or  wire  may  touch  the  ball  on,  or  any 
part  of,  the  third  wire:  make  a. communica- 
tion from  the  ball  on  the  wire  of  the  firft 
phial,  to  the  prime  condu&or:  then,  by 

working  the  machine,  both  bottles  will  foon 
become  charged.  As  foon  as  they  are  pretty 
well  charged,  and  before  the  machine  ceafe 
working,  remove  the  fecond  phial  from  the 
third  wire;  after  the  fecond  phial  is  removed, 
ceafe  working  the  machine  as  foon  as  podible: 

take 
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take  the  third  wire,  with  its  two  balls,  off 
the  Hand  with  the  hand,  and  lay  it  on  the  table, 
fo  that  one  of  its  balls  may  touch  the  outfide 
coating  of  the  fecond  phial:  remove  the  firft 
phial  off  the  Hand,  and  place  it  on  the  table 
fo  as  to  touch  the  ball  at  the  other  end  of  the 
third  wire;  then,  with  an  infulated  difcharging 
rod,  make  a communication  from  the  ball  in 
one  bottle  to  the  ball  in  the  other:  if  the  out- 
fide of  the  firft  phial  be  negative  at  the  time 
it  is  charging,  the  infide  of  the  fecond  would 
be  the  fame,  and  making  the  above  commu- 
nication would  produce  an  explofion,  and 
both  bottles  would  be  difcharged,  but  the 
contrary  will  happen,  for  there  will  be  no  ex- 
plofion, nor  will  either  of  the  bottles  be  dif- 
charged, although  there  be  a compleat  com- 
munication between  their  outfides,  becaufe 
the  infide  of  them  both  will  be  pofitive.  This 
is  a proof,  that  confidering  one  fide  of  a phial 
to  be  pofitive  and  the  other  negative,  at  the 
time  they  are  charging,  is  a miftake:  as  well 
as  that,  if  any  number  of  bottles  be  fuf- 
pended  at  the  tail  of  each  other  all  the 

intermediate 
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intermediate  furfaces,  or  fides,  do  not  con- 
tinue fo. 


EXPERIMENT  IV. 

Here  alfo  let  the  apparatus  be  difpofed  as 
in  the  lafl  experiment,  till  the  bottles  are 
highly  charged:  then,  with  a clean  flick  of 
glafs,  or  the  like,  remove  the  communication 
between  the  ball  of  the  firfl  phial  and  the 
prime  conductor  before  the  machine  ceafes 
working;  then,  with  an  infulated  difcharging 
rod,  make  a communication  from  the  outfide 
to  the  infide  of  the  firfl  phial ; a flrong  explo- 
fion  will  take  place  on  account  of  the  excefs 
within-fide,  notwithflanding  they  are  both  pofi- 
tive:  for  as  it  is  expreffed  in  page  63,  the  in- 
fide of  the.  phial  pofTeffed  a much  greater 
quantity  than  its  outfide,  contrary  to  Mr. 
Bewly’s  obfervation,  4 it  may  be  faid  there  ought  to 
4 be  no  explofion  between  P and  p , becaufe  they 
4 are  both  pofitive / 
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EXPERIMENT  V. 

This  experiment  being  fomething  of  a con- 
tinuation of  the  preceeding  one;  immediately 
after  the  lafl  explofion  takes  place,  difcharge 
the  prime  conductor  of  its  electricity  and  at- 
mofphere ; then  touch  the  ball  in  the  firft 
phial  with  the  hand,  or  any  conducting  fub- 
flance  that  is  not  infulated;  then  will  the  in- 
hde  coating  of  the  firft  phial,  which  at  firft 
was  fo  flrongly  pofitive,  be  in  the  fame  hate 
as  the  outfide  coating  of  the  fecond,  having 
a communication,  by  the  hand,  the  floor,  &c. 
with  each  other;  that  is,  negative,  if  any 
thing  can  properly  be  called  negative,  or  po- 
fitive, that  has  a communication  with  the 
common  flock:  but  a pair  of  cork  balls  that 
are  electrified  either  plus,  or  minus,  will  no 
more  be  attracted  by  either  the  infide  coating 
of  the  firfl  phial,  or  the  outfide  coating  of 
the  fecond,  then  they  will  by  the  table  on 
which  they  Hand,  or  a common  chair  in  the 
room,  while  they  continue  in  that  fituation. 
Remote  the  aforefaid  communication  from 

the 
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the  ball  of  the  firft  phial ; touch  the  ball  in 
the  fecond,  as  before  in  the  firft,  or  difcharge 
the  bottle  with  the  difcharging  rod,  and  the 
ball  in  the  firft  bottle  will  immediately  become 
negative:  with  a pair  of  cork  balls,  electrified 
negatively,  approach  the  ball  in  the  firft  phial, 
and  they  will  all  repel  each  other,  or,  if  the 
cork  balls  be  ele&rified  pofitively,  they  will 
be  attracted.  All  thefe  circumftances  together 
feem  fully  to  prove  what  has  already  been  faid, 
not  only  that  the  infide  of  the  firft  phial, 
which  was  fo  ftrongly  pofttive,  may  be 
altered  fo  as  to  become  in  the  fame  ftate 
as  the  outfide  of  the  fecond,  without  dif- 
charging the  phial,  or  any  more  working  the 
machine;  but  that  it  may  be  fairly  changed, 
from  being  pofitively  charged  to  being  nega- 
tively charged.  If  a pair  of  cork  balls  are 
now  hanged  on  to  the  ball  on  the  wire  in 
this  phial,  by  the  help  of  a ftick  of  glafs,  they 
will  repel  each  other,  being  negatively  electri  - 
fied. Make  a communication  from  the  out- 
fide  of  the  bottle  to  the  table,  and  replace 
L the  communication  from  the  prime  conduClor 
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to  the  ball  in  the  bottle,  then,  upon  moderately 
working  the  machine  to  charge  the  bottle,  the 
cork  balls  will  ceai'e  to  repel  each  other  till  they 
touch,  and  will  foon  repel  each  other  again 
by  being  electrified  pontively.  Here  the 
working  the  machine  anew,  plainly  fliews 
that  the  infide  of  the  firft  bottle,  which 
was  pofitive,  was  likewife  changed  to  ne- 
gative. 

Although  Dr.  Franklin  has  been  fo  often 
referred  to  in  fupport  of  the  opinion  that  the 
two  fides  of  the  Leyden  Phial  are  in  different 
ftates,  at  the  time  it  is  charging,  it  does  not 
appear  any  where,  in  his  molt  excellent  book 
on  the  fubjeCl,  that  he  takes  any  notice  con- 
cerning them  at  that  time;  but  almoff  inva- 
riably flays  till  it  be  charged,  before  he  fays 
any  thing  about  its  different  ftates ; from 
which  there  is  fome  appearance,  either  that 
he  has  not  been  rightly  attended  to,  or  that 
he  has  been  wrongly  underflood,  although 
he  writes  almoft  in  general  with  very  great 
perfpicuity.  In  that  fame  Book  [fee  Page  141. 
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Edit.  1774]  Mr.  Golden  has  a very  ftrong 
expreflion,  that  both  its  lides  are  alike  at  the 
time  it  is  charging,  in  his  remarks  on  the  Abbe 
Nollet’s  Letters  to  B.  Franklin,  Efq.  where 
the  Abbe  fays  4 that  he  can  electrfe  a hundred 
4 men , j landing  on  wax , if  they  hold  hands , and 
4 if  one  of  them  touch  one  of  thefe  furfaces  ( the 
4 exterior  J with  the  end  of  his  finger ’ Mr.  Col- 
den  then  immediately  fays,  4 This  I know  he 
4 can,  while  the  phial  is  charging , hut  after 
4 the  phial  is  charged  I am  as  certain  he  cannot / 
And  I cannot  fee  how  any  one  can  draw  fuch 
fatisfadtory  conclufions  from  any  part  of  Dr. 
Franklin’s  writings,  as  what  thofe  Gentlemen, 
already  recited,  as  well  as  various  others,  feem 
to  have  done,  on  this  fubjedt,  for  the  con- 
trary appears  plainly  to  be  the  fadt. 

In  making  eledlrical  experiments,  and  in 
particular  thofe  in  which  the  Leyden  Phial  is 
concerned  (a  number  of  which  together  com- 
pofe  moft  electrical  batteries)  a method 
to  preferve  the  bottles,  or  jars,  from  being 
Itruck  through  by  the  eledtric  charge,  is  very 

defirable ; 
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defirable;  but  I do  not  know  that  it  has  hi- 
therto been  accomplished.  The  number  of 
them  that  have  been  destroyed  in  the  forego- 
ing, as  well  as  in  many  experiments,  made 
long  before,  have  led  me  to  various  conjec- 
tures to  preferve  them:  at  the  fame  time 
I have  been  obliged  to  make  ufe  of  bottles 
inftead  of  open  mouthed  jars.  And  as  coat- 
ing the  former  within-fide  is  very  troublefome, 
it  has  put  me  on  thinking  of  fome  method  more 
eafy,  quicker,  and  equally  firm  and  good,  as  with 
the  tin-foil.  With  refpe£t  to  the  new  method 
of  coating  I failed:  though  Something  elfe  pre- 
sented itfelf  rather  in  behalf  of  the  former: 
therefore  introducing  the  procefs  here  will  not 
be  of  veiy  great  ufe;  unlefs,  in  Saving  another 
the  trouble  of  making  ufe  of  the  fame  me- 
thod, or  giving  a hint  towards  the  former,  fo 
as  to  fucceed  with  certainty.  My  aim  was, 
to  find  fomething  that  Should  be  quick  and 
clean,  and  not  eaSy  to  come  off  with  the  rub- 
bing of  wires  againfl  it,  and  yet  a good  con- 
du£tor.  My  firft  effay  was  with  a cement  of 
pitch,  rofm,  and  wax,  melted  together ; into 

which, 


I 


THE  LEYDEN  PHIAL.  '95 

which,  to  make  it  a good  conduflor,  I put 
a large  proportion  of  finely  fifted  brafs  filings. 
When  this  mixture  was  cold,  I put  broken 
pieces  of  it  into  the  bottle,  and  warmed  the 
bottle  till  it  was  hot  enough  to  melt  the  ce  - 
ment  in  it  fo  as  to  run,  and  cover  the  bottle 
within-fide,  then  I coated  the  outfide  with 
tin-foil  as  is  commonly  done,  and  now  it  was 
fit  for  ufe,  or  ready  to  be  charged:  to  which  I 
next  proceeded;  and  I believe  I had  not 
made  more  than  four  or  five  turns  of  the 
winch  before  it  fpontaneoufly  {truck  through 
the  glafs  with  a veiy  fmall  charge;  I then  took 
off  the  outfide  coating,  and  flopped  the  frac- 
ture with  fome  of  my  common  cement,  after 
which  I. put  the  coating  on  again;  and,  in  as  little 
time  as  before,  it  was  ftruck  through  again  in 
a different  place:  and  thus.  I did  with  this 
bottle  five  or  fix  times ; fometimes  it  ftruck 
through  the  cement;  but  it  ftruck  through  the 
glafs  in  four  different  places.  This  made  me 
confider  what  it  might  be,  that  facilitated  the 
fpontaneous  flriking  through  the  glafs,  and 
likewife  what  might  retard  it.  I had  long 

before 


before  thought,  that  jars  or  bottles  appeared 
to  be  {truck  through  with  a much  lefs  charge, 
juft  after  their  being  coated,  or  before  they 
were  dry,  than, when  they  had  been  coated  long 
enough  for  the  moifture  to  be  evaporated  from 
the  pafte  with  which  I moftly  lay  on  the  tin-foil; 
and  could  only  confider  the  dry  pafte  as  a kind 
of  mediator  between  the  tin-foil  and  the  glafs, 
or  in  other  words,  that  the  moifture  in  the 
pafte,  was  a better  conduftor,  and  more  in 
aftual  contaft  with  the  glafs,  than  the  pafte 
itfelf  when  dry.  And  the  coating  the  bottles 
with  the  heated  cement,  though  long  after- 
ward, did  not  alter  my  former  idea ; for 
it  appeared  as  if  the  hot  cement,  with  the  con- 
ducting fubftance  in  it,  might  be  ftill  more  in 
actual  contaft  with  the  glafs,  than  the  moif- 
ture in  the  pafte.  On  thefe  probabilities  I 
had  to  confider  what  might  aft  as  a kind  of 
mediator  more  effeftually  than  the  dry  pafte, 
between  the  glafs  and  the  tin-foil.  It  oc- 
curred, that  common  writing-paper,  as  being 
neither  a good  conductor  nor  infulator,  might 
be  ferviceable  by  being  firft  pafted  fmoothly 
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to  the  tin-foil,  and  left  to  dry.  The  paper 
then  being  parted  on  one  fide,  having  the 
tin-foil  on  the  other,  I put  them  on  the  glafs 
together  with  the  tin-foil  outward,  and  rubbed 
them  down  fmooth.  This  fucceeded  fo  well 
that  I have  never  fince  had  any  rtruck  through 
that  were  thus  done,  either  common  phials, 
or  large  bottles  which  contain  near  three 
gallons  each,  though  fome  of  the  latter 
have  ftood  in  the  battery  in  common  ufe 
with  the  other  a long  time.  And  as  I have 
never  had  one  rtruck  through  that  has  been 
prepared  in  this  way,  I am  much  lefs  able  at 
prefent  to  tell  how  great  a charge  they  will 
bear  before  they  are  rtruck  through,  or  whether 
they  will  be  rtruck  through  at  all. 

In  the  year  1769,  as  already  obferved,  Mr. 
James  Fergufon  read  a courfe  of  le&ures  in 
this  city,  at  which  I attended,  and  thofe 
were  the  firft  I ever  faw.  One  of  the  lec- 
tures was  on  electricity;  and  his  machine 
feemed  to  me  to  a6t  confiderably  better  than 
any  one  I had  met  with  before;  and,  to  in- 
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creafe  the  excitation,  he  put  a piece  of  filk 
between  the  rubber  and  the  cylinder,  (but  it 
was  not  made  fail  to  any  thing)  and  applied 
fome  amalgam,  on  a piece  of  fpunge,  to  the 
cylinder.  The  advantage  gained  by  it  feemed 
to  me  to  be  very  confiderable;  infomuch  that 
I could  not  fatisfy  myfelf  without  applying 
the  like  to  my  own  machine,  which  was  foon 
done,  but  as  it  was  not  fattened  to  any  thing, 
it  was  troublefome  by  Hiding  away.  In 
order  to  prevent  this,  I made  the  filk  fad  to 
the  rubber,  by  which  I found  I not  only  got 
rid  of  the  trouble  of  frequently  having  to 
replace  the  filk,  but  I got  more  fire:  this  put 
me  on  fixing  the  filk  in  different  pofitions,  and 
in  different  fhapes  and  fizes,  and  in  a fhort 
time  I got  it  to  as  great  perfection  as  it  has  ac  - 
quired ever  fmce.  At  that  time  by  its  be- 
ing entirely  new,  as  to  the  quantity  of 
eleffric  fire  it  enabled  an  operator  to  pro- 
duce, many  people,  from  different  parts  of 
the  kingdom,  called  on  me  to  fee  it,  by 
which  means  the  ufe  of  the  filk  foon  be- 
came pretty  general,  and  has  continued  fo 

ever 
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ever  fince,  without  any  material  altera- 
tion. 

Although  I had  been  converfant  in  ele£tri- 
city  from  the  year  1749  to  1770,  I never  faw 
any  machine  that  would  produce  the  quan- 
tity of  ele£lric  lire  that  my  own,  by  the  help 
of  the  filk,  would  then  do;  nor  could  I ever 
before  charge  jars,  or  phials  near  fo  high: 
and  if  ajar,  or  phial,  at  any  time  difcharged 
of  itfelf,  or  fpontaneoully,  it  was  attributed 
to  the  excellency  of  the  machine.  But  after 
I had  fo  advantageoully  applied  the  filk,  upon 
making  ele£lrical  experiments  very  frequently, 
I found  that  the  fpontaneous  difcharging  of 
a phial,  &c.  depended  much  more  on  another 
circumftance,  that  is,  their  being  very  clean 
and  dry;  and  that  if  the  phial  or  jar,  had 
been  warmed  (which  feldom  ufed  to  be  done) 
to  make  it  Hill  more  dry  and  clean,  the  fpon- 
taneous difcharging  of  it  was  very  confiderably 
facilitated:  infomuch  that  it  was  very  ob- 
vious, that  a jar,  or  the  like,  would  not  take 
fo  great  a charge  when  quite  clean  and  dry  as 

O 2 it 


IOO 


OBSERVATIONS  ON 


it  was  otherwife  capable  of  being  made  to  take ; 
the  report  of  the  difcharge,  as  well  as  the 
time  it  took  to  be  charged,  were  fo  very  dif- 
ferent, that  the  fa£f  could  not  eafily  be 
doubted. 

Although  the  difference  of  the  charge  ap- 
peared fo  very  plainly,  even  to  a by-ftander, 
to  be  very  great,  yet  I could  not  tell  what 
that  difference  was,  till  I contrived  my  new 
eleftrometer;  which  enabled  me  to  tell  the  dif- 
ference very  exa6tly,  and  very  eafily* 

A common  pound  phial  of  green  glafs,  that 
contained  about  thirty-eight  fquare  inches  of 
coated  furface,  which  I then  had,  when  per- 
fe£lly  dry  and  clean  as  I could  make  it,  would 
difcharge  fpontaneoufly  with  a charge  of  about 
fourteen  or  fifteen  grains  of  repulfion;  but  I 
found  1 could  alter  it,  with  refpedt  to  its  clean- 
nefs,  fo  as  to  take  a charge  whofe  repulfive 
force  fhould  be  equal  to  twenty-four  grains. 
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In  a jar  that  I then  had,  which  contained 
about  fixty-four  fquare  inches  of  coating,  the 
jar  being  feven  inches  high  and  four  in  dia- 
meter, I found  the  difference  much  greater; 
for,  when  quite  dry  and  clean  as  I could  make 
it,  it  would  difcharge  fpontaneoully  with  five 
and  a half  grains  ; but  by  altering  its  clean- 
nefs,  that  is,  by  dirtying  the  naked  part  of  the 
glafs*,  I made  it  take  a charge  of  thirty -five 
grains,  which  is  fix  times  as  much  as  when 
quite  clean:  and  it  would  not  then  difcharge 
of  itfelf,  but  ran  over  the  top,  all  round  the 
jar,  as  water  would  have  done  by  being  over 
filled,  and  is  very  confpicuous  in  a dark  room. 

In  regard  to  the  application  of  the  filk,  I 
owe  all  hints  towards  it,  to  Mr.  Fergufon: 
for  I had  not  feen,  nor  did  fee,  till  fix  months 

* The  Rev.  Mr.  Morgan  having  told  Mr.  Nairne  of  the  great 
difference  of  charge,  which  I had  found,  that  a bottle  would  take, 
when  the  uncoated  part  of  the  glafs  was  a little  dirtied,  or  not 
quite  clean,  Mr.  Nairne,  fomewhat  facetioufly  faid,  that  I was 
fortunately  fituated,  for  it  was  only  the  dirt  of  Norwich  that  would- 
do  lb.  Mr.  Nairne  feems  to  me  to  be  one  of  the  belt  electricians 
that  I have  met  with. 

after. 
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after,  either  Dr.  Franklin’s  Book  on,  or  Dr. 
Prieftley’s  Hiftory  of,  Electricity;  where  I 
then  found  that  the  former  had  tried  a piece  of 
leather  fomething  in  the  fame  way,  but  he  did 
not  make  much  of  it. 

From  the  many  eleCtrical  experiments  that 
I was  making  in  the  year  1771,  it  plainly 
appeared,  that  a certain  quantity  of  furface  dif- 
pofed  in  length,  and  joined  to  a prime  con- 
ductor, added  much  more  to  the  ftrength, 
or  pungency  of  a fpark,  or  ftroke,  than  the 
fame  quantity  of  furface  difpofed  in  thicknefs, 
or  breadth,  and  joined  to  the  fame  prime 
.conduCtor. 

I had  an  iron  rod  five  feet  long  and 
about  three-eighths  of  an  inch  thick,  with  a 
ball  three  inches  diameter  at  one  end ; the 
other  end  of  it  was  held  in  the  prime  con- 
ductor: I likewife  had  a conduCtor,  made 
of  pafte-boards,  and  covered  with  tin-foil, 
about  nine  inches  diameter  and  twenty-five 
inches  long;  but  the  latter,  being  joined  to  the 
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prime  condu&or,  gave  a fpark  which  was  by 
no  means  equal  to  the  former,  although  the 
difference  of  the  quantity  of  their  furfaces 
was  fo  very  great.  If  the  hand  were  fhut  clofe, 
and  a fpark  were  taken  on  the  back  of  the 
hand  from  the  prime  conductor,  having  the 
iron  rod  joined  to  it,  the  whole  hand  would 
be  convulfed,  and  if  I ffood  on  a ground 
floor,  I felt  every  fpark,  or  ftroke  in  my  feet. 
I mentioned  this  to  Mr.  Bewly,  May  20,  1771, 
but  he  gave  me  for  anfwer,  that  he  fome- 
what  doubted  the  fa6t,  and  thus  this  part  of 
the  bufmefs  was  then  dropped. 

Sometime  in  or  before  the  year  1778,  the 
Rev.  Mr.  Morgan  read  fome  Italian  publica- 
tions to  me;  one  of  which  contained  an  ac- 
count, given  by  Sig.  Volta,  of  a number  of 
Baflions,  as  he  called  them,  or  rods,  eight 
feet  long  and  half  an  inch  thick,  infulatedly 
fufpended,  in  different  pofitions;  and  finding 
this  had  fome  refemblance  to  my  former  ob- 
fervations,  I reaffumed  the  fubje6t. 

Having 
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Having  by  me  a round  iron  rod  near  ten 
feet  long,  and  fifteen  eighths  of  an  inch  in 
circumference;  I made  another  rod,  of  fir, 
the  fize  and  length  of  the  iron  one,  and  co- 
vered it  with  tin- foil.  A ball  about  three 
inches  diameter  being  put  on  at  each  end  of 
the  rods,  made  each  rod,  with  its  balls,  ten 
feet  long.  Thefe  were  tried  feparately,  to  fee 
if  any  fenfible  difference  could  be  difcovered 
in  the  iron  rod,  from  that  of  fir  covered  with 
tin-foil:  but  one  appeared  to  give  a fpark,  or 
broke,  equally  ftrong  as  the  other.  I next 
tried  them  together,  one  joined  to  the  end  of 
the  other;  thus  they  gave  a much  more  pow- 
erful broke.  Having  thefe  two  rods  fepa- 
rately infulated,  I next  placed  them  parallel  to 
each  other,  at  the  dibance  of  between  three 
and  four  feet,  and  made  a communication 
between  them,  to  obferve  the  brength  of  the 
broke  they  would  give  in  that  pofition.  After 
this  they  were  removed  to  about  ten  or  twelve 
inches  dibance,  in  order  to  examine  if  there 
were  any  perceptible  difference  in  the  brength 
of  the  broke  when  they  were  near,  or  further 

off, 
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off,  each  other.  The  former,  Sig.  Volta 
Ipeaks  of,  as  a very  confiderable  hinderance, 
by  the  interference  of  their  atmolpheres ; but 
I could  find  no  fenfible  alteration. 

I think  I obferved  fomething  of  this  kind, 
done  very  lately;  in  Mr.  Adams’s  Book  on  Elec- 
tricity; or  rather,  to  fee  if  there  were  any  dif- 
ference between  a folid  body  and  a hollow 
one  of  the  fame  external  dimenfions,  but 
none  was  found. 

% 

One  of  my  rods  contains  about  two  hun- 
dred and  thirteen  fquare  inches  of  furface.  I 
have  a prime  condu&or  about  four  inches  dia- 
meter and  near  three  feet  long,  which  contains 
about  four  hundred  and  fixty-eight  fquare 
inches  of  furface;  but  the  latter,  joined  to  my 
common  prime  condu£tor,  does  not  give  fo 
powerful  a {park  by  much,  I mean  as  to 
fenfe,  as  one  of  my  rods  joined  to  the  fame 
common  prime  condu&or,  although  the  fur- 
face is  more  than  double. 

After 
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After  trying  a rod  of  wood  and  a rod  of 
metal,  and  finding  no  fenfible  difference,  I 
made  twelve  rods,  the  fize  of  the  former,  of 
fir,  covered  with  tin-foil,  and  put  a ball  on  at 
each  end  about  two  inches  and  a half  diame- 
ter, which  made  each  rod,  with  its  balls, 
about  five  feet  and  a half  long.  Having 
placed  my  former  two  rods  at  the  diftance  of 
between  three  and  four  feet,  nearly  parallel 
to  each  other  and  nearly  the  fame  height,  I 
laid  the  twelve  fhort  rods  nearly  equidiffant 
from  each  other  upon  the  two  long  rods,  fo 
that  they  were  about  ten  or  twelve  inches 
afunder.  Then,  upon  making  a communication 
from  the  prime  conductor  to  any  part  of  the 
rods,  and  working  the  machine  to  electrify,  or 
rather  to  charge  them,  they  would  give  a ftroke 
much  too  fevere  to  be  often  taken:  info  much 
that  (thefe  ffrokes,  quickly  taken,  fo  affeHing 
the  legs  and  ancles,  with  a powerful  machine, 
fuch  as  Mr.  Nairne’s  large  ones  are,  to  charge 
the  rods  quick  enough  withal)  I believe  they 
would  foon  bring  a very  flrong  man  down,  if 
he  flood  on  a ground  floor. 
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Thefe  rods  I fufpended  by  glafs  flicks  about 
a yard  long.  About  the  middle  part,  from 
the  underfide  of  the  rods,  I fufpended  (on 
points,  in  order  to  move  freely)  another  rod, 
about  fix  feet  long,  with  a ball  of  lead  at 
one  end,  and  a large  cork  ball  covered  with 
tin-foil  at  the  other  end,  and  a Florence  wine 
Halle  covered  with  tin-foil  likewife,  and  fuf- 
pended freely  clofe  to  the  cork  ball : confe- 
quently  the  center  of  gravity  was  much  nearer 
the  leaden  ball  than  the  middle  of  the  rod, 
and  the  end  of  the  arm  with  the  flafk,  on  the 
oppofite  fide  of  the  center  of  gravity,  was' 
much  the  fartheft  off.  The  whole  of  this  ad- 
ditional apparatus  being  fufpended  under  the 
former  rods,  and  the  whole  charged,  or  elec- 
trified together,  the  flafk  will  be  attrafted  by 
whatever  is  neareft  to  it,  either  Tideways,  or 
below  it.  Let  a thunder-houfe  be  placed  any 
where  lower  than,  and  in  the  reach  of,  the 
flafk.  or,  inflead  thereof  the  fpire  of  a cathe- 
dral in  miniature,  with  an  interrupted  com- 
munication to  the  ground,  and  a ball  on  the 
top  of  it,  the  flafk  will  approach  the  ball 
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and  difcharge  its  electricity  upon  it,  and  beat 
it  down,  without  any  phial  or  jar  to  affift  it; 
but  if  the  fpire  terminates  in  a point,  .and  the 
communication  to  the  ground  be  complete, 
eveiy  thing  will  be  fafe. 

If  thefe  rods  can  be  fuppofed  to  reprefent 
a thunder  cloud  in  the  air,  and  the  moveable 
flalk  to  reprefent  the  tail,  or  an  inferior  part 
of  the  cloud,  which  may  be  driven  about  by 
the  wind,  or  attracted,  if  charged  with  light- 
ning; I fay,  if  thefe  fuppofitions  can  be  ad- 
mitted, I think  this  is  the  molt  natural  re- 
prefentation  thereof  that  I have  yet  heard  of: 
and  at  the  fame  time  plainly  fhews,  which  is 
to  be  preferred  for  the  termination  of  con- 
ductors to  preferve  buildings  in  thunder  Itorms, 
or  from  lightning,  points,  or  balls. 

With  regard  to  excellence  in  eleCtric  ma- 
chines, as  to  their  conltruCtion,  and  power,  I 
have  never  feen  any,  of  its  fize,  equal  to  Mr. 
Nairne’s  patent  one;  and  much  of  the  appa- 
ratus is  incomparable,  particularly  for  medical 
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purpofes;  though  at  the  fame  time,  the  ma- 
chine is  applicable  to  every  other  purpofe 
where  eledlricity  is  concerned. 

Whatever  may  be  the  fize  or  form  of  an 
eledlric  machine;  it  feems  that  the  general  aim 
in  making  it,  is  to  have  its  conftrudtion  fuch, 
as  that  it  may  colled!,  or  produce,  the  mo  ft 
eledtric  fire  poftible  with  the  leaft  labour:  but 
at  the  fame  time  I think  it  is  as  indifpenfably 
neceffary,  that  its  conftrudlion  be  fuch,  that 
after  the  eledtric  fire  is  colledied,  or  produced, 
it  may  be  prevented  from  being  difperfed,  or 
efc aping,  by  the  admiflion  of  conducing  fub  * 
fiances  into  the  atmofphere  of  the  machine, 
or  the  prime  condudtor.  It  alfo  feems  to  me 
that  for  the  purpofe  of  charging  of  batteries,  a 
large  prime  condudtor  is  very  disadvantageous: 
alfo,  that  it  is  highly  neceffary  for  the  bat- 
tery to  be  placed  at  fuch  a diftance  from  the 
machine  and  the  prime  condudtor,  as  to  be 
as  much  as  poftible  out  of  their  atmofpheres: 
and  if  the  machine  and  the  prime  condudtor, 
be  large,  the  operator  ought  to  ftand  infulated; 

otherwife, 
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otherwife  the  atmofphere  of  a large  apparatus 
will  extend  fo  far  round,  that  a great  deal  of  the 
collected  electric  fire  will  efcape,  or  be  difperfed 
by  him  into  the  floor  on  which  he  hands. 

When  that  excellent  fet  of  eleCtrical  expe- 
riments were  made  by  Mr.  Nairne,  which  are  in- 
ferted  in  the  Philofophical  TranfaCtions  VOL. 
LXVIII.  he  feems  to  have  been  well  aware 
of  thefe  circumftances  in  the  conhruction  of 
his  apparatus;  and  if  I am  rightly  informed, 
the  operator,  whilft  he  wrought  the  machine, 
hood  infulated. 

Amongft  the  various  conjectures  relative  to 
the  caufe  of  the  Aurora  Borealis , eleCtricitv 
has  been  conhdered  as  a principle  agent  in 
producing  thefe  appearances ; and  in  order  to 
verify  thefe  conjectures,  I have,  at  various 
times,  even  whilh  thefe  appearances  were 
the  greateh,  put  up  my  infulated  conducting 
rod,  to  obferve  whether  or  not  it  would  be 
affeCled:  but  the  cork  balls  in  my  room,  con- 
nected with  the  rod,  feemed  not  to  diverge 
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any  more  at  thofe  times  than  when  there 
were  no  fuch  appearances,  nor  indeed  to  be 
affebted  by  any  electricity  at  all.  More  ob- 
fervations  made  at  different  places  by  differ- 
ent perfons,  may  probaby  call  further  light 
upon  this  affair. 

N.  B.  Refpefting  the  degree  of  foulnels  of  the  naked  part 
of  the  glafs  already  recited,  in  order  to  give  the  greateft  charge 
to  a Leyden  Phial,  &c.  that  it  is  capable  of;  it  feems  ne- 
celfary,  that  fomething  of  a very  flight  oilinefs  be  rubbed  over  its 
furface,  or  fomething,  nearly  a non -conductor,  which  will  adhere 
to  the  glafs  very  thinly;  fuch  as  the  perfpiration  of  one’s  hand, 
when  it  begins  to  be  in  a ftate  of  perfpiration,  from  exercife.  If 
the  electrical  apparatus  be  kept  in  a very  warm  and  dry  room,  the 
advantage  of  the  above  method  of  foiling  the  naked  part  of  the 
glafs  will  foon  appear;  but  if  the  apparatus  be  kept  in  a cool  room, 
where  neither  a fire  is  kept,  nor  the  fun  enters,  the  aforefaid  me- 
thod will  be  of  very  little  ufe.  "What  there  is  in  the  compofition 
of  the  eleCtric  fluid,  that  fome  part  of  it  fhould  run  over  the  top  of 
the  jar  and  the  jar  not  difcharge,  and  that  fome  other  part  of  it 
fhould  flay  behind  and  keep  thejar  fo  highly  charged,  as  recited  in 
page  ioi,  I cannot  even  give  a hint  at:  but  the  running  over 
does  not  begin  till  the  jar  is  very  highly  charged,  and  then  it  is 
attended  with  a confiderable  noife,  almoft  like  very  ftrong  hilling. 
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FTER  having  fo  much  improved  my  elec- 


tric machine  by  the  application  of  the 
filk,  it  acquired  fo  much  approbation,  that 
many  Gentlemen  defired  me  to  fend  them  a 
new  machine  on  the  fame  plan  as  my  own, 
with  apparatus  to  them;  amongft  which  was 
the  exhauffed,  or  luminous  flafk.  Thefe 
flafks  I procured  from  London,  till  I had  fome 
difficulty  to  get  them  readily;  which  brought 
on  fo  much  inconvenience,  that,  as  I had  no 
air  pump,  I determined  to  make  one,  of  the 
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table  kind,  which,  when  corapleated,  proved  to 
be  a very  good  one.  With  this  I made  many 
luminous  flafks,  where  the  difference  of  ex- 
hauftion  plainly  appeared,  by  the  time  that 
they  would  continue  to  be  luminous;  and 
thofe  that  were  luminous  the  longed;  were 

O 

thofe  that  were  the  mod  exhaufted,  confe- 
quently,  on  fome  occafions  preferable:  which 
made  me  defirous  of  exhaufting  them  ftill 
more,  if  poffible. 

The  accounts  given  of  Mr.  Smeaton’s  Air 
Pump,  put  me  on  enquiring  of  many  Gen- 
tlemen, Sec.  about  them,  in  order,  if  poffible, 
to  procure  one  for  trial.  One  of  thofe  Gen- 
tlemen was  the  Rev.  G.  Walker,  F.  R.  S.  who 
gave  me  for  anfwer,  that  he  had  one,  and  I 
fhould  have  it  to  try*.  Very  foon  after  this, 
he  came  himfelf  from  Nottingham,  where  he 
then  refided,  and  brought  his  pump  with  him. 
We  took  a time  for  trial  of  it,  together  with 
my  own  pump;  when  feveral  other  Gentle- 

* I informed  Mr.  Bewley  of  this  on  the  25th  of  July,  177 6. 
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men  met  us,  and  we  gave  them  a fair  trial : but 
could  find  no  difference  between  his  and  my 
own,  in  refpefl  to  the  power  of  ratifying.  When 
it  was  in  the  beft  order  we  could  make  it,  we 
could  bring  the  fame  gage,  with  either  pump, 
down  to  about  four  lines  and  a half,  but  no 
lower.  By  this  it  plainly  appeared,  that  the 
Smeatonian  Pump  was  not  altogether  what  it 
had  been  reprefented:  but  they  were  both 
ufed  with  wet  leathers.  Having  found  that 
either  pump  would  do  the  fame  with  the  fame 
gage,  it  occurred  that  either  pump  might  ap- 
pear to  do  differently  with  a different  gage, 
that  is,  one  fomething  like  Mr.  Smeaton’s,  or 
the  pear-gage.  And  having  read  Mr.  Smea- 
ton’s  account  in  the  Philofophical  Tranfac- 
tions,  Vol.  XLVII,  I determined  to  put  his 
defcriptions  into  practice  as  well  as  I could: 
and  in  order  thereto,  I made  a glafs  fimilar 
to  his  for  a gage,  but  fomething  longer.  The 
tube  part  of  the  gage  was  fix  inches  long 
above  the  bulb;  and  the  fize  of  the  bore  was 
fuch,  that  the  weight  of  the  mercury,  which 
filled  three  inches  length,  was  five  penny- 
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weights,  nine  grains  and  a half.  I exhaufted 
this  glafs,  over  a cup  of  mercury,  fet  upon 
the  air  pump,  under  a common  gage  glafs  re- 
ceiver, fo  that  all  the  new  gage  was  above  the 
mercury.  When  it  was  exhaufted  nearly  as 
far  as  I could,  I let  the  gage  down  into  the 
mercury,  and  opened  the  pump  to  fill  the 
gage  by  the  preffure  of  the  common  air. 
When  it  was  as  full  as  it  would  fill,  I 
marked  the  glafs  tube  as  it  flood  ere£l  (hav- 
ing taken  off  the  receiver)  with  a file,  at  the 
top  of  the  column  of  mercury.  After  this,  I 
took  out  the  remaining  air  at  the  top  of  the 
gage,  by  the  help  of  a wire,  and  filled  the 
whole  gage  as  full  as  I could  with  mercury: 
and  having  emptied  the  gage,  I weighed  the 
mercury  which  it  contained,  and  found  its 
weight,  eight  ounces,  fourteen  penny-weights, 
and  twelve  grains.  Then  I filled  that  part  of 
the  gage  which  was  above  the  aforefaid  mark 
(made  with  a file  on  the  gage)  with  mercury: 
and  weighing  this  portion  by  itfelf  (as  I thought 
this  a more  certain  method  than  trufting  to 
divifions  on  the  gage)  I found  that  by  this  new 

gage 


THE  AIR  PUMP.  117 

gage,  my  pump  appeared  to  rarify  near  two 
hundred  times,  and  that  this  save  me  a much 
greater  number  of  times  rarifying  than  my 
common  gage,  which  I had  on  the  pump  at 
the  fame  time.  This  apparent  difference  made 
me  defirous  to  repeat  the  experiment,  and  to 
be  as  exabl  and  careful  about  every  particu- 
lar as  I could.  Accordingly,  I then  new 
valved  and  leathered  my  pump,  and  made 
the  experiment  again;  and  found  five  hundred 
and  fifty-one  times  rarefa&ion. 

The  two  foregoing  experiments  falling  out 
in  this  manner,  made  me  determine  to  try 
tubes  of  various  fizes  and  lengths,  joined  to 
the  fame  bulb,  one  after  another.  Accord-' 
ingly,  I cut  my  prefent  new  gage  afunder  at 
one  inch  above  the  bulb;  and  to  this  fame 
bulb  and  fhort  part  of  the  tube  I joined, 
with  cement,  another  tube  twenty-five  inches 
long.  I alfo  lengthened  the  tube  part  of  my 
gage  glafs,  for  a receiver  ;.  and  on  proceeding 
with  this  as  with  the  former,  it  gave  me  fixty- 
feven  times  rarefa&ion.  Three  inches  of  this 
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bore  contained  three  penny- weights,  thirteen 
grains,  and  a half  of  mercury. 

EXPERIMENT  III. 

I then  feparated  this  long  tube  from  the 
bulb,  at  the  place  where  they  were  joined, 
and  to  the  fame  bulb  as  before,  I joined  ano- 
ther tube  fourteen  inches  long;  and  on  re- 
peating the  former  proceffes,  it  gave  three 
hundred  and  fifty  times  rarefa6lion.  Three 
inches  of  this  tube  held  four  penny-weight, 
two  grains,  and  a half  of  mercury. 

• ‘ EXPERIMENT  IV. 

Having  feparated  this  fourteen  inch  tube 
from  the  bulb  at  the  jun£ture,  I joined  ano- 
ther tube  five  inches  long;  fo  that  my  gage 
was  thus  the  fame  length  as  the  firff,  but  the 
tube  was  fmaller:  and  on  trial  as  before  with 
the  others,  this  gave  eight  hundred  and  ninety- 
eight  times  rarefa£lion.  Three  inches  of  this 
tube  contained  one  penny-weight  and  twenty- 
three  grains  of  mercury. 


EX  PE- 


T H E A I R P U M P.  119 

EXPERIMENT  V. 

I here  took  the  piece  of  tube  which  with 
the  fame  bulb  made  the  firft  new  gage,  and 
cut  it  afunder  at  two  inches  from  the  top 
of  it:  this  piece  of  two  inches  I joined  to  the 
aforefaid  bulb;  and  found  by  this,  that  my 
pump  rarified  nine  hundred  and  two  times. 
The  fize  of  the  tube  is  given  with  the  firft 
trial. 

EXPERIMENT  VI. 

My  next  trial  was  with  the  laft  men- 
tioned tube  but  one ; which  I alfo  cut  afun- 
der at  two  inches  from  the  top:  and  having 
joined  the  piece  of  two  inch  long  to  the 
former  bulb,  as  before,  I found  that  by  this 
fhort  and  fmall  tube  my  pump  rarified  one 
thoufand  five  hundred  and  ninety-eight  times. 
This  is  a piece  of  the  tube,  of  which  three 
inches  held  one  penny-weight,  and  twenty- 
three  grains  of  mercury. 

The  above  experiments  are  numbered,  as  beginning  where 
and  when  the  pump  was  new  valved,  &c.  and  the  fractional  parts 
of  rarefying  are  omitted,  as  being  unneceflary. 
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It  appears  that  Mr.  Smeaton’s  gage  was 
not  quite  four  inches  long,  including  the  bulb 
and  tube  together:  and  he  fays  that  the  gage 
contained  about  half  a pound  of  quickfilver, 
and  that  a thoufandth  part  thereof  would  fill 
about  one-tenth  part  of  an  inch  in  the  tube- 
part  of  his  gage.  On  the  whole  it  appears 
that  the  tube-part  of  his  gage  was  much 
fhorter  than  mine ; fo  that  if  my  gage  had 
been  as  fhort  as  his,  my  pump  might  have  ap- 
peared to  rarefy  as  many  times  as  his : for  the 
length  as  well  as  the  fize  feems  to  be  of  con- 
fiderable  confequence;  and  more  fo,  if  I had 
ufed  the  method  that  Mr.  Smeaton  ufed,  that 
is,  to  turn  the  gage  horizontally  before  he  took 
the  fpace  between  the  top  of  the  column  of 
mercury  and  the  top  of  the  tube.  Taking  the 
fpace  in  his.  manner,  would  have  indicated  a 
much  greater  number  of  times  rarefa&ion, 
than  the  manner  I ufed  (as  I found  by  trial) 
confequently  much  further  from  the  truth. 

I think  that  if  the  principle,  on  which  this 
gage  is  fuppofed  to  a£t,  were  well-grounded, 

the 
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the  gage  would  fpeak  the  fame  language  in 
all  cafes:  but  that  it  does  not,  is  very  plain, 
or  I am  much  miftaken. 

The  principle  on  which  I fet  out,  on  the 
fubje£t  of  rarefadlion,  is  to  fuppofe  a common 
torricellian  tube  well  filled  with  mercury,  and 
purged  of  air  as  much  as  poffible,  placed 
ere£l  in  a ciftern  of  mercury:  let  the  tube  be 
about  thirty-two  inches  high  above  the  mer- 
cury in  the  ciftern;  and  the  mercury  in  the 
tube  will  fall  to  a height,  which  will  be  an  ex  - 
a£t  balance  to  the  common  atmofphere : and 
placing  a receiver  over  the  whole  upon  an 
air  pump,  and  exhaufting  the  air  out  of  the 
receiver,  the  mercury  will  fubfide  in  the  tube 
fo  as  to  be  always  a counterbalance  to  the 
preffure  of  the  air,  which  a6is  upon  the  fur- 
face  of  the  mercury  in  the  ciftern.  Thus, 

I think  I may  fay,  as  the  fpace  through  which 
the  quickfilver  in  the  tube  has  fallen,  is  to 
the  fpace  through  which  it  has  to  fall  (to  be 
level  with  the  furface  of  the  quickfilver  in 
the  ciftern)  fo  is  the  degree  of  exhauftion,  or 

R the 
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the  quantity  of  air  taken  out  of  the  receiver, 
to  the  quantity  remaining  in  it*. 

Mr.  Smeaton  fays  (fpeaking  of  his  valve) 
that  in  the  common  pump,  ‘ the  valves  are 
‘ flretched’  I believe  that  if  the  valves  in  any 
pump  be  properly  put  on,  they  will  rife  much 
eafier  tMn  his;  their  weight,  to  be  raifed, 
may  much  lefs:  and  the  places  of  cohefion 
round  the  holes  may  be  much  lefs : for  the 

* If  this  principle  be  not  a true  one,  I am  deceived,  but  I be- 
lieve it  will  hold  good  at  all  times,  and  in  all  places.  And  in  all 
the  foregoing  experiments,  with  the  pear  gage,  I believe  the  ut- 
mod  degree  of  rarefaction  was  very  little  more  than  fifty-nine  times, 
having  another  gage  in  the  pump  all  the  time,  as  before  obferved. 

If  in  a torricellian  tube,  well  purged  of  air,  the  mercury  dands 
thirty  inches  high,  and  if  with  an  air-pump  it  can  be  brought 
down  to  half  an  inch  of  the  level  of  the  furface  of  the  mercury  in 
the  ciftern  in  which  the  tube  is  placed;  I think  it  may  be  faid,  that 
the  mercury  is  brought  down  fifty-nine  parts  out  of  fixty ; and 
confequently,  that  fifty-nine  parts  out  of  fixty,  of  the  air  that  was 
in  the  receiver  on  the  pump,  is  taken  out;  and  that  the  air  in  the 
receiver  is  but  one  fixtieth  part  fo  denfe  as  the  common  air;  or  in 
other  words,  that  the  air  in  the  receiver  is  rarefied  fifty-nine  times : 
and  that  pump  which  will  bring  the  gage  the  lowed,  I (hould  rea- 
dily allow  to  be  the  mod  perfect. 
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valves  will  lie  plain  on  the  fides  over  a {mall 
hole  much  better  than  over  a larger  one, 
when  a power  to  prefs  them  in  is  applied: 
and  when  this  is  the  cafe,  if  the  valve  fhould 
rife  any  fooner,  in  the  middle  part,  and  the 
air  in  a rarefied  {fate  be  dot  of  force  enough 
to  raife  the  outermoft  part  of  it,  this  being 
where  the  greateft  cohefion  is,  and,  as  afore- 
faid,  will  not  rife  fo  foon  as  a valve  in  a 
common  pump  may  be  made  to  do*;  the 
pump  may  be  kept  working,  and  no  air  will 
come  out,  continue  the  working  ever  fo  long: 


* To  make  a valve  for  an  air  pump,  I fhould  recommend  a 
ftrip  of  very  thin  bladder,  about  five-eighths  of  an  inch  broad, 
made  very  pliant  by  rubbing  it  in  the  fingers  with  oil,  then  fixed 
down  clofe  as  poflible;  by  Jiretching  it  over  the  hole  that  leads  to 
the  bed  of  the  pump;  a flit  to  be  cut  at  right  angles  to  the  ftrip  on 
each  fide  of  the  hole,  about  one-fourth  of  an  inch  diflant  from  the 
hole  with  a fharp  knife,  or  the  like,  held  a little  leaning  from 
the  hole,  and  fome  oil  put  upon  it.  By  this  method  I think  a 
valve  may  be  made  to  rife  the  eafiefl,  and  be  the  molt  effectual  of 
• any  that  I know  of.  Thus,  inftead  of  hindering,  the  Jiretching , 
is  very  ferviceable:  or  in  the  manner  of  Mr.  Bewly’s  pump 
made  by  Mr.  Nairne,  where  four  flits  may  be  cut:  in  either,  the 
• valve  will  be  held  by  four  places,  as  well  as  Mr.  Smeaton’s,  though 
much  more  eafily  raifed. 

R 2 
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therefore,  how  can  any  advantage  be  expected 
in  or  from  the  valve? 

Having  informed  Mr.  Bewly,  that  I was 
to  have  a Smeatonian  Pump  fent  me  for  the 
purpofe  of  trying  it,  he  wrote  to  me  on  the 
17th  of  Auguft  177b,  as  follows:  4 When  you 
4 la  ft  wrote  to  me  you  told  me  you  were 
c going  to  review  an  air  pump  of  Srneaton’s 
4 conffruclion.  I fhall  be  much  obliged  to 
4 you  if  you  will  inform  me  of  the  refult 
4 of  your  examination.'  Accordingly  on  the 
1 9th  of  the  fame  month  I fent  the  refult  to  the 
purport  as  in  pages  114  and  115.  Alfo  in  the 
fame  letter  I wrote  to  him  thus : 4 If  Dr. 

4 Prieflley  would  fend  his  pump  to  Nor- 
4 wich  for  us  to  try,  I would  willingly  pay 
4 the  carriage  hither  and  back  again.  Do  you 
4 think  it  would  be  a fair  quefiion  to  afk  him? 

4 Such  properties  as  he  fpeaks  of  are  very  de- 
4 lirable  in  a pump;  but  if  he  is  under  any 
4 mi  flake  about  it,  I fhould  think  he  would 
4 like  very  well  to  be  fet  right : let  me  afk  the 
4 favour  of  your  anfwer.’ 


Mr. 
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Mr.  Bewly  did  not  write  to  me  any  more 
till  the  31ft  of  Auguft,  1776.  But  on  the 
27th  preceding,  as  I had  been  making  further 
trials,  I wrote  to  him  again,  informing  him, 
e that  I thought  I had  found  out  the  myflery 
e by  which  Mr.  Smeaton’s  pump  and  gage  in- 
4 dicated  fuch  great  powers  and  degrees  of  ra- 
c refa£lion:  and  that  with  my  own  pump  and 
4 his  gage  I could,  without  any  fort  of  diffi- 
e culty,  rarify  fifteen  hundred  times,  and  much 
4 more/  Alfo  I informed  him,  in  brief,  of 
fome  refults  which  inclined  me  to  think  fo  ; 
and  that,  if  it  were  worth  his  knowing,  I would 
fend  him  the  particulars. 

On  the  31ft  of  Augufl  1776,  as  before  ob- 
ferved,  Mr.  Bewly  wrote  to  me  again,  as  fol- 
lows, 4 I am  much  obliged  to  you  for  the  in- 
4 formation  I received  by  your  letter,  rela- 
4 tive  to  the  Smeatonian  gage.  Though  you 
4 fay  nothing  of  the  caufe  of  the  deception  you 
4 have  difcovered;  yet  I think  I can  .make  a to- 
4 lerable  guefs  at  it/  He  likewife  tells  me  that, 

4 another 
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e another  Gentleman*  with  himfelf  had  juft 
e been  talking  of  this  gage.  It  occurred  that, 
c on  the  mercury’s  rifing  into  the  gage,  it  muft 
c probably  entangle  a great  part  of  the  in- 
c eluded  rarified  air,  particularly  againft  the 
e fides  of  the  glafs;  fo  that  the  air  which  ap- 
‘ pears  in  the  upper  part  of  the  tube,  and 

* which  Smeaton  confiders  as  being  the  whole 
1 that  had  been  left  in  the  gage,  on  the  ex- 
4 hauftion,  may  only  be  a tenth  part  of  it; 
e the  remainder  being  difperfed  over  the  inner 
f furface  of  the  large  globular  part  of  the 

* gage.  Pray  inform  me  whether  this  is  not 
1 the  cafe.  I fhould  be  glad  likewife  to  re- 
e ceive  the  particulars.’ 

Though  Mr.  Bewly  had  no  opportunity  to 
make  his  conje6lures  perfe£lly  fatisfa&ory;  yet 
I think  it  will  appear  in  the  fequel,  that  they 
were  well  founded. 

In  the  fame  letter  he  adds,  in  very  ftrong 
terms,  tending  almoft  to  a degree  of  wonder, 
* The  Rev.  Mi.  Brand. 
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or  in  the  height  of  furprife,  4 The  only  diffi- 
4 culty  that  ftrikes  me,  is  how  Mr.  Smeaton 
4 and  Dr.  Prieftley  could  deceive  themfelves  fo 
4 egregioufly  in  this  matter.  Did  they  never 
4 ufe  the  common  gage  along  with  this  ? If  they 
4 had,  and  if  the  pump  had  a£lually  rarefied 
4 the  air  fometimes  even  2000  times , or  even 
4 1000,  the  mercury  in  the  common  gage  muff 
4 have  been  brought  down  to  a level, — I mean 
4 as  to  fenfe,  with  that  in  the  cittern.  I do  not 
4 find  however  that  they  any  where  affert  this. 

4 Could  they  wilfully  fhut  their  eyes,  and  be- 
4 lieve  the  air  was  rarefied  to  2000,  when  the 
4 mercury  was  at  the  fame  time  {landing  in  the 
4 common  gage  at  the  height  of  three  or  four 
4 lines  at  leaft?  I know  not  how  to  reconcile 
4 thefe  things. 

* 

4 Not  two  hours  before  I received  your  let- 
4 ter  I had  fent  one  off  to  Dr.  Priettley,  in 
4 which  I had  informed  him  of  the  refults  of 
4 your  examination  of  a Smeatonian  pump,  and  of 
4 your  doubts  and  difficulties.  I wifh  I had  had 
4 your  letter  before  this  was  fent  off;  but  if  you 

4 will 
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4 will  enable  me  to  be  more  particular,  I will 
4 give  him  a full  account  cf  the  matter.’ 

After  thefe  requefts  of  Mr.  Bewly’s,  I fent 
him  the  particulars  on  the  gth  of  September 
1776,  nearly  as  recited  in  the  laft  fix  Experi- 
ments, either  for  Dr.  Prieftley’s,  or  his  own 
ufe;  to  which  he  crave  me  an  anfwer  on  the  21ft 
of  September  1 776,  In  the  following  words. 
4 1 return  you  many  thanks  for  your  gages,5  [I  had 
previous  to  this,  fent  Mr.  Bewly  feveral  pear- 
gages,]  4 and  your  epiftolary  communications, 
4 which  fatisfa£torily  prove  the  fallacy  of  the 
4 Smeatonian  gage ; though  you  will  find  below, 
4 that  Dr.  Prieftley  fpeaks  with  confidence 
4 of  the  great  powers  of  the  pump  of  that 
4 name.’ 

4 When  I wrote  firft  to  Dr.  Prieftley  on  the 
4 fubjecl  of  Smeaton’s  Pump,  I could  only 
4 inform  him,  in  general  that  you  had  found  it 
4 in  no  refpe£t  fuperior  to  a good  common 
4 pump,  in  the  article  of  rarefying.  Here  is 
4 what  he  fays  on  the  fubje£t.s 
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“ The  pump  which  Mr.  Brook  examined  muji 
44  have  been  a very  bad  one , indeed.  Mr.  Nairne 
44  has  improved  upon  Mr.  Smeaton.  Before  I left 
“ London , I faw  one  of  his  exhauft  near  ten  thou- 
44  j and  times*.” 

4 Surely,  all  thefe  good  people,  though  they 
4 may  make  a miftake  of  a few  thoufands  in 
£ eflimating  the  power  of  the  Smeatonian 
£ pumps,  in  particular,  mult  be  able  at  leaf!  to 
£ rarify  a few  hundreds. 

4 Since  you  informed  me  of  your  experi- 
4 ments  made  with  Smeaton’s  gage,  I have,  in 
4 general,  informed  Dr.  Prieftley  of  the  refults, 

4 and  have  put  fome  queftions  to  him  on  the 
4 fubje£L  As  foon  as  I hear  from  him,  I will 
4 communicate  to  you  his  anfwer,  or  am  in- 
4 formed  whether  thefe  potent  rarefiers  of  air, 

4 to  10,000  and  upwards,  have  any  other  colla- 
4 teral  evidence  to  produce,  to  flrengthen  the 
4 fufpicious  testimony  of  the  Smeatonian  gage.4 5 

* Mr.  Nairne  is  one  of  the  belt  Philofophical  Inftrument-makers 
I ever  knew. 

S Hitherto 


13° 


OBSERVATIONS  ON 


Hitherto  Dr.  Prieftley  appears  to  be  pretty 
firm  in  his  opinion,  that  the  Smeatonian  appara* 
tus  has  great  fuperiority,  notwithftanding  what 
Mr.  Bewly  had  informed  him  of:  but  now  he 
boon  finds  his  mifiake. 

On  the  7th  of  October  1776,  Mr.  Bewly 
fent  me  another  letter,  in  which,  he  writes  as 
follows:  4 I received  a letter  from  Dr.  Prieft- 
4 ley  laft  poft : the  contents  of  which,  fo  far 
4 as  they  relate  to  the  Smeatonian  pump  and 
4 gage,  you  will  be  curious  to  know. 

4 In  a former  letter  he  had  told  me  that  he 
4 never  had  ufed  a gage  in  which  the  mercury 
4 had  been  boiled;  and  that  he  knew  not  how 
4 to  execute  the  procefs.  I defcribed  it  to  him 
4 in  the  moft  minute  and  circumftantial  man- 
4 ner;  defiring  him  to  prepare  a fimple  gage 
4 after  this  manner,  and  then  try  whether  his 
4 Smeatoris  pump  would  bring  the  mercury  con- 
4 tained  in  it  within  a line , or  lefs,  of  the  mer- 
4 cury  in  the  bafon;  as  it  ought  to  do,  if  it 
4 rarefied  the  air  only  3 or  400  times.  He  has 

4 tried 
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e tried  the  experiment;  and  the  following  is  the 
4 refult: 

4 His  pump  was  foul,  not  having  been 
4 cleaned  for  feveral  months  pall;  44  and  his 
44  common  fyphon-gage  Jhezued  that  it  did  not  ex- 
44  hauji  near  Jo  much  as  it  had  formerly  done” 
c He  was  content  with  it  neverthelefs,  and  in 
4 this  hate,  he  included  both  the  Smeatonian 
4 gage  and  the  boiled  gage  in  the  receiver,  at 
4 the  fame-  time.  On  exhauhing,  Smeaton’s 
4 gage  gave  him  300  degrees  of  rarefying 
4 power ; while  the  mercury  in  the  boiled  gage 
6 fell  down  only  to  a little  lefs  than  half  an 
c inch  above  the  level;  and  accordingly  indi- 
c cated  only  about  60  degrees.  He  would 
4 have  cleaned  his  pump,  he  fays,  had  he  not 
4 been  convinced  that  what  he  had  already 
4 feen  was  fufficient  to  difcredit  the  Smeato- 
4 nian  gage.  He  obferves  that  44  you  zuill  gain 
44  great  credit  by  the  detection and  that  the  gage 
4 is  certainly  fallacious,  though  he  does  not 
4 comprehend  the  caufe  of  the  fallacy.5 
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Notwithftanding  Dr.  Prieftley  already  ap- 
pears to  be  fo  perfectly  convinced,  that  the 
Smeatonian  pump  and  gage  were  not  what 
they  were  fuppofed  to  be;  he  does  not  con- 
tent himfelf  with  informing  only  Mr.  Bewly 
of  it,  but,  with  his  uncommon  franknefs, 
without  flaying  any  longer,  on  the  20th  of 
October  1776,  he  writes  immediately  to  me 
as  follows:  4 You  have  great  merit  in  the  de- 
c teCtion  of  the  fallacy  of  Mr.  Smeaton’s  gage: 
£ and  I wifh  you  would  draw  up  a regular  ac~ 
c count  of  your  obfervations  on  that  fubjeCt. 
4 It  is  of  great  ufe  to  know  what  we  have  to 
4 depend  upon  in  bufmefs  of  fuch  importance 
4 in  philofophy.  Mr.  Naims , who  makes  the 
4 bed  pumps  of  Mr.  Smeatous  conftru£lion, 
4 has  heard  of  your  objections  to  them,  and 
4 will  foon,  I believe,  give  Mr.  Bewly  an  ac- 
4 count  of  what  may  with  certainty  be  ex- 
4 peCted  of  them.  I intend  foon  to  write  to 
4 Mr.  Smeaton  himfelf  on  the  fubjeCt,  and 
4 you  fhall  know  what  he  fays  if  I have  any 
4 anfwer/ 
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Accordingly  I received  a letter  from  Mr. 
Bewly,  dated  November  24,  1776,  in  which  he 
writes  as  follows : 4 By  a letter  received  from 
e Mr.  Nairne  yefterday,  I find  he  is  to  fend  me 
4 next  week  a pump  with  which  he  has  taken 
4 particular  pains*,  accompanied  with  an  ac- 
4 count  of  fome  experiments  relative  to  the 
4 fubje£t  of  exhaufting.  Such  experiments  as 
4 I can  make  with  my  prefent  inftruments,  I 
4 will  take  an  early  opportunity  of  making, 

4 and  inform  you  of  the  refults/ 

The  above-mentioned  account  of  fome  expe- 
riments is  dated  Nov.  22,  1 776,  which  by  Mr. 
Nairne’ s permiflion,  Mr.  Bewly  favoured  me 
with  to  perufe,  on  the  30th  of  January,  1 777; 
and  they  appear  to  be  the  firfb  that  Mr.  Nairne 
had  communicated  to  Mr.  Bewly,  and  likewife 
fome  of  the  firft  that  he  had  made  on  this  part 
of  the  bufmefs,  as  will  more  fully  appear 
afterwards. 

* Mr.  Bewly  afterwards  fent  me  this  pump  to  try  5 and  I pro- 
nounced it  one  of  the  beft  I ever  faw. 


Mr. 
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Mr.  Nairne  fays,  in  a letter  to  Mr.  Bewly, 
dated  Auguft  15,  1777,  £ I cannot  conceive 
6 why  Mr.  Brook  fhould  think  that  my  trials 
£ originated  from  any  experiments  I had  heard 
e of  his,  either  by  his  letter  to  Dr.  Watfon  or 
c yours  to  me.  If  he  has  Mr.  Smeaton’s  letter 
c to  Dr.  Watfon  in  anfwer  to  his,  he  will  find, 
c I fhewed  Mr.  Smeaton,  Hon.  Mr.  Cavendifh, 
e Mr.  Aubert,  and  fome  other  Gentlemen,  the 
£ great  difference  between  the  two  gages,  &c. 

£ in  April  1776,  (viz.  above  2000  times  by 
£ the  pear-gage)  whereas  his  letter  to  Dr. 
c Watfon  is  dated  Nov.  t6,  1776*,  and  your 
e letter  to  me  is  dated  Sept.  7,  1776,  wherein 
£ you  firft  mentioned  Mr.  Brook.  Before  I 
c received  that  letter  of  yours  I had  never 
6 heard  that  there  was  fuch  a perfon  as  Mr. 
c Brook,  that  made  air  pumps  or  that  tried  ex- 
c periments  on  that  infi;rument., 

* My  letter  to  Dr.  Watfon  was  feledted  from  the  experiments 
I made  immediately  after  the  receipt  of  Mr.  Bewly’s  letter,  dated 
Aug.  31,  1776,  and  communicated  to  him  Sept.  9,  following.  But 
Mr.  Nairne  feems  here  to  be  only  preparing  to  make  thofe  experi- 
ments which  were  communicated  to  Mr.  Bewly  on  the  2 2d  of  Nov. 
1776,  in  confequence  of  his  having  heard  of  my  objections,  accord- 
ing to  Dr.  Prieftley,  fee  page  132, 
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Hence  it  appears,  as.  if  Mr.  Nairne  were 
defirous  to  date  the  beginning  of  his  trials  to 
find  out  the  deception  of  the  Smeatonian 
gage,  from  the  time  he  firil  difcovered  the  dif- 
ference between  the  two  gages,  which  was 
in  April  177b.  But  though  he  then  difco- 
vered a difference  between  the  two  gages,  it 
does  not  appear  that  he  did  any  thing  more 
about  it,  till  he  made  the  experiments  which 
he  gave  an  account  of  to  Mr.  Bewly  on  the 
2 2d  of  November,  1776:  but  that  all  the 
time  from  April,  1 776,  till  about  the  time  Dr. 
Prieftley  informed  me  that  Mr.  Nairne  had 
heard  of  my  objedf  ions,  the  bufinefs  lay  dormant. 
But  neither  then,  nor  afterwards,  does  it  appear, 
that  either  himfelf,  or  Dr.  Prieftley,  found, 
or  even  fuppofed,  any  deception  in  the 
Smeatonian  pump  as  well  as  the  gage : 
whereas  it  was  the  deception  of  the  pump 
alone,  that  firft  occurred  to  me,  not  having 
any  pear-gages  to  try.  But  it  plainly  ap- 
peared to  me,  ^before  the  19th  of  July,  1 776, 
that  the  pump  was  fallacious  [fee  pages  114  and 
115]  and  alfo  that  I had  difcovered  the  gage  to 

be 
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be  equally  fallacious  as  the  pump,  before  the 
27th  of  Auguft,  1776,  and  that  I communi- 
cated an  account  of  both  to  Mr.  Bewly  at 
the  times  already  fpecified.  Likewife  it  is 
plain,  that  Mr.  Bewly  gave  an  account  thereof 
to  Dr.  Prieftley  on  the  31ft  of  Auguft,  1 776. 
And  it  is  not  lefs  plain,  that  Dr.  Prieftley 
was  well  fatisfied,  that  there  was  a fallacy, 
before  the  7th  of  OCtober,  1776,  and  that 
Mr.  Nairne,  had  heard  of  my  objections  to  them 
before  the  20th  of  October,  1776,  and  about 
that  time  fet  about  thofe  experiments  dated 
Nov.  22,  1776. 

Mr.  Nairne’s  accounts  and  experiments  are 
printed  in  the  Philofophical  TranfaCtions,  V ol. 
LXVII.  But  if  any  claim  is  to  be  laid  to  the  dif- 
covery  of  the  fallacy  of  either  the  Smeato- 
nian  pump  or  the  pear-gage,  I think  I have 
the  greateft : the  former  of  which  he  does 
not  feem  even  now  to  fuppofe.  However, 
I think  it  will  plainly  appear  in  the  fequel, 
that  any  tolerably  good  common  conftruCted 
air  pump  may  be  made  to  appear  to  exhauft 
equal  to  any  on  Mr.  Smeaton’s  conftruc- 
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tion,  with  the  fame  gage  to  both ; confe- 
quently  that  the  fuppofition  relative  to  the 
excellency  of  the  conftru&ion  of  his  pump 
in  the  article  of  rarefying,  is  alfo  fallacious. 

Mr.  Smeaton  fpeaks'  of  his  conftruftion,  as 
being  eafier  to  lit  the  bottom  of  the  pifton 
clofe  to  the  place  where  the  valve  is  fixed, 
that  leads  to  the  bed  of  the  pump.  But  I 
think  this  fuppofition  is  not  lefs  fallacious  than 
the  fuppofition  of  the  excellency  of  the  whole 
pump,  particularly  in  this  refpe£L  For  I can 
fee  no  caufe,  or  reafon,  why  the  pifton  can- 
not be  made  to  fit  as  clofe  at  the  bottom  of 
it,  in  a common  conftru£ted  pump,  as  it  is  in 
one  of  his  conftru&ion:  I can  fee/  or  find, 
no  difference  in  either.  If  I could  fuppofe 
any,  it  would  be  in  his,  as  being  the  largeft  in 
diameter,  and  not  lefs  difficult  to  fix  at  right 
angles  to  his  rod.  In  fhort,  the  only  cir- 
cumftance  of  ufe  in  Mr.  Smeaton’s  pump,  by 
which  any  convenience  or  advantage  is  gained 
over  the  common  conftrudfon,  is  condenfing; 
all  the  other  advantages  being  only  fuppofi- 

T tions. 
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tions.  Indeed,  I think  fuch  as  Mr.  Nairne 
makes,  of  the  table  kind,  are  very  much 
preferable. 

Mr.  Smeaton  fpeaks  of  ufing  water  with 
his  pump;  mot  then  knowing  how  much  it 
favoured  the  deception  of  the  pear-gage:  which 
will  plainly  appear  afterwards. 

On  the  16th  of  December,  1776,  Mr. 
Bewly  fent  me  an  abftracl  of  Mr.  Nairne’s 
account  of  fome  experiments,  dated  the  2 2d 
of  November,  1 776,  in  which  the  pear-gage 
was  ufed  with  the  common  one.  This  put 
me  on  making  more  pear-gages,  (fix)  with 
which  I made  many  experiments,  and  re- 
peated them  many  times : but,  as  they  were  not 
very  materially  different  from  Mr.  Nairne’s,  I 
(hall  infert  only  three  of  them. 

EXPERIMENT  I. 

A pear-gage,  the  tube  of  which  was  fix 
inches  above  the  bulb,  three  inches  of  it 
containing  fix  penny-weights  two  grains  and  a 
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half  of  mercury,  and  the  whole  gage  con- 
taining feventeen  ounces,  ten  penny-weights, 
eleven  grains,  with  the  apparatus  all  dry,  in- 
dicated one  hundred  and  twenty-feven  times 
rarefaction,  with  or  without  box-wrood*  in 
the  receiver. 

EXPERIMENT  II. 

A pear-gage,  whole  tube  was  three  inches 
long  above  the  bulb,  and  held  one  penny- 
weight and  twenty-three  grains,  and  the  whole 
gage  eight  ounces,  fix  penny- weights,  and  fe- 
venteen grains  of  mercury,  with  dry  ap- 
paratus, gave  two  hundred  and  four  times  ra- 
refaClion,  with  or  without  box- wood,  weigh- 
ing one  hundred  and  feventeen  grains. 

* Mr.  Nairne  found  that  a piece  of  box-wood,  weighing  one 
hundred  grains,  included  with  the  pear-gage  in  the  receiver,  made 
a great  difference:  but  I could  find  none,  though  cut  from  dif- 
ferent logs,  but  all  pretty  dry. 


T 2 


EXPERIMENT 


140 


OBSERVATIONS  ON 


EXPERIMENT  III. 

The  laft  gage,  under  the  fame  receiver, 
(the  receiver,  inftead  of  being  cemented  to  the 
bed  of  the  pump,  being  fet  upon  a piece  of 
wet  leather)  indicated  one  thoufand  three 
hundred  and  thirty-three  times  rarefaction. 

Here  the  effeCt  of  the  water,  in  regard  to 
the  deception  of  the  Smeatonian  gage,  is 
pretty  obvious,  [fee  page  138.]  It  is  not  lefs 
obvious  that  a common  pump  may  be  made 
to  rarefy  as  much  as  a Smeatonian  one  will 
[fee  page  136]  though  the  apparent  difference 
of  rarefying  is  above  eleven  hundred  times. 

In  order  that  there  might  be  no  moiflure 
in  the  way,  previous  to  thefe  three  experiments, 
I cleaned  and  refitted  my  air  pump,  at  the 
fame  time  warming  it  by  the  fire,  that  the  oil 
and  valves  might  be  as  thin  and  pliant  as  poffi- 
ble ; fo  that  I could  bring  the  boiled  gage  down 
to  fi  ve -fixteenths  of  an  inch;  which,  if  the 
barometrical  weight  of  the  atmofphere  be 

equal 
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equal  to  a column  of  mercury  thirty  inches 
high,  indicated  a rarefaction  of  ninety-fix 
times.  I likewife  made  two  new  plates  to  my 
air  pump,  of  thick  plate  glafs;  one  for  the 
bed  of  the  pump,  and  the  other  to  fet  the 
gage  upon:  and  inftead  of  ufing  wet  leathers 
to  fet  the  receivers  upon,  I cemented  them 
down  to  the  plates  of  glafs,  with  a ce- 
ment of  turpentine,  bees-wax,  and  tallow, 
with  a little  red  lead  to  colour  it;  fo  that  the 
pump  was  ufed  without  any  water,  or  wet 
leathers. 

Thefe  experiments,  together  with  thofe  not 
here  inferted,  which  I noted  down,  amount- 
ing to  about  forty,  were  made  after  Decem- 
ber 16,  1776,  and  communicated  to  Mr. 

Bewly,  Jan.  30,  1777. 

The  following  is  a fet  of  experiments  with 
different  Smeatonian,  or  pear-gages,  in  which 
the  mercury  was  boiled  in  every  part  of  them 
when  fo  fpecified. 


EXPERIMENT 
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EXPERIMENT  I. 

A pear-gage,  the  tube  part  of  which  was  fix 
inches  and  three  quarters  above  the  bulb, 
three  inches  of  the  bore  holding  five  penny- 
weights and  nineteen  grains,  and  the  whole 
gage  containing  fifteen  ounces,  ten  penny- 
weights, and  twenty-three  grains  of  mercury, 
gave  two  hundred  and  ninety-nine  times  ra- 
refa&ion.  This  was  boiled  before  I began 
the  experiment. 

EXPERIMENT  II. 

The  lafl  gage  new  filled  and  boiled,  and 
with  a piece  of  fheep  fkin  dreffed  with  allum, 
which  weighed  one  hundred  and  ten  grains, 
inclofed  in  the  receiver  with  the  gage,  now 
gave  one  thoufand,  eight  hundred,  and  fixty- 
five  times  rarefa£lion. 

EXPERIMENT  III. 

The  fame  gage  as  before,  unboiled,  and 
without  the  fheep  fkin,  now  gave  one  hundred 
and  feventy-five  times  rarefa6tion. 

EXPERIMENT 


EXPERIMENT  IV. 

The  former  gage,  not  boiled,  but  with  the 
fheep  lkin,  now  gave  fourteen  thoufand  nine 
hundred  and  twenty-two  times  rarefadtion, 

EXPERIMENT  V. 

With  a pear-gage,  the  tube  part  of  which 
was  five  inches  above  the  bulb,  and  three 
inches  of  the  tube  held  three  penny-weights 
and  two  grains  of  mercury,  and  the  whole 
gage  contained  fix  ounces,  eighteen  penny- 
weights, and  thirteen  grains.  This  gave  four 
hundred  and  feventy-feven  times  rarefadlion, 
unboiled  and  without  the  fheep  fkin. 

EXPERIMENT  VI. 

The  lafl  gage,  with  the  fheep  fkin,  and  not 
boiled,  but  without  any  other  known  differ- 
ence, now  gave  a number  of  times  rarefac- 
tion not  to  be  afcertained  with  any  precifion 
whether  twenty,  fifty,  or  an  hundred,  thoufand 
times,  and  with  as  much  propriety  one  as  the 
other;  for  the  fpace  left  vacant  did  not  appear 

to 


i44  OBSERVATIONS  ON 

to  be  larger  than  about  half  the  fize  of  a 
muflard-feed ; though  the  upright  boiled  gage 
was  not  fenfibly  different  from  all  the  former, 
which  was  each  time  brought  down  to  three 
tenths  of  an  inch,  and  indicated  one  hundred 
times  rarefaction. 

Thefe  experiments  feem  more  fully  to  prove, 
that  a common  pump  may  be  made  to  rarefy 
as  much  as  any  one  of  the  Smeatonian  con- 
ftruCtion,  as  already  recited. 

EXPERIMENT  VII. 

In  the  time  that  I was  making  the  fore- 
going experiments,  I tried  many  other  pear- 
gages  in  which  I boiled  the  mercury:  but  as 

the  refults  of  many  of  them  were  fimilar  to 

✓ 

the  firft  two,  I did  net  note  them  down. 
Many  of  them  were  fo  well  boiled,  that  the 
mercury  was  fufpended  to  the  top  of  the  tube 
at  different  diflances:  and  notwithflanding  I 
ufed  violence  to  fhake  it  down,  in  fome  of 
them  the  cohefion  was  fo  great,  that  I could 
not  get  it  down  at  all  till  I opened  the  pump. 

Although 
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Although  it  was  contrary  to  my  inclination, 
not  to  get  all  the  mercury  down  in  the  tube, 
I am  now  inclined  to  think  that  this  was  a fa- 
vourable part  of  the  bufmefs.  And  although 
the  upper  part  of  the  column  could  not  be 
fhaken  down,  yet  it  would  not  materially  alter 
the  experiment.  For  in  all  thefe  experiments 
with  the  boiled  pear-gages,  I inverted  the 
open  end  of  them  into  a cittern  of  mercury 
before  I began  to  exhauft:  and  when  the 
pump  was  exhauifed  as  much  as  I could, 
I raifed  the  open  end  of  the  gage  out  of  the 
mercury  in  the  cittern,  to  let  out  the  mercury 
in  the  gage,  and  to  let  the  rarefied  air  enter: 
and  then  nearly  the  fame  fpace  between  the 
two  ends  of  the  columns  of  mercury  in  the 
tube  would  be  unoccupied,  as  if  the  whole 
column  had  come  down,  and  the  unoccupied 
fpace  had  been  at  the  top  of  the  tube. 

After  the  gage  was  filled  in  the  Smeatonian 
manner,  I took  out  the  air  between  the  two 
columns,  and  let  them  join  together;  after 
which,  although  the  open  end  of  the  gage  was 

U not 
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not  lifted  out  of  the  mercury,  till  the  pump 
was  exhaufted  as  much  as  I could  exhaufl 
it,  and  then  only  raifmg  it  out  and  pulliing 
it  down  into  the  mercury  again  as  quick 
as  I could,  there  was  fo  much  vapour  or 
damp,  &c.  that  had  taken  place  on  the  inner 
furface  of  the  tube,  that  after  I had  taken  the 
gage  out  of  the  receiver,  the  place  of  the 
jun£ture  was  vifible  to  the  greateft  exa£tnefs; 
whereas  had  the  whole  column  of  mercury 
came  down  at  firft,  I fhould  not  have  been 
able  to  difcover  this  coating  of  vapour,  See, 
on  the  infide  of  the  tube. 

EXPERIMENT  VIII. 

I went  on  to  try  feveral  gages  in  this 
manner,  that  had  a part  of  the  mercury  re- 
main, or  fufpended,  at  the  top  of  the  tube, 
and  always  found  this  covering  with  damp, 
or  the  like,  to  take  place,  when  the  pump  was 
exhaufted  as  much  as  I could,  in  gages  that 
had  been  well  boiled:  and  had  they  not  been 
boiled,  none  of  the  mercury  would  have  re- 
mained at  the  top  of  the  tube. 

EXPERIMENT 


EXPERIMENT  IX. 

Proceeding  on  a fuppofition  that  I might 
not  fo  perfe6Uy  boil  the  mercury  in  the  bulb 
part  of  the  gage  as  in  the  tube  part  thereof; 
and  that  if  any  air,  Sc c.  was  left  in  any  part, 
I might  difcover  it  by  exhaufiing  the  receiver 
to  let  the  mercury  fubfide  into  the  ciflern  out 
of  both  tube  and  bulb,  and  letting  it  up 
again,  without  taking  the  open  end  of  the 
gage  out  of  the  mercury  (this  gage  alfo  hav- 
ing part  of  the  column  fufpended  at  the  top) 
by  letting  the  mercury  up  into  the  gage  to  fill 
it  as  it  flood,  only  a very  fmall  fpeck  was 
difcoverable  at  the  joining  of  the  mercury  in 
the  tube:  fo  that  the  bulb,  as  well  as  the  tube, 
which  together  held  nine  ounces  and  feven- 
teen  penny -weights,  appear  to  have  been  very 
well  boiled. 

EXPERIMENT  X. 

Finding  no  damp,  See . to  appear  in  the 
tube  by  filling  the  gage  under  the  receiver, 
after  the  mercury  had  been  let  down,  and 
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letting  in  the  air  to  fill  the  gage  by  its  pre  fiure, 
without  taking  the  open  end  of  the  gage  out 
of  the  mercury;  my  next  trial  was  with  a 
pear  gage,  the  tube  of  which  was  five  inches 
above  the  bulb,  to  fee  if  there  would  be  any  « 
damp,  &c.  lodge  upon  the  inner  furface  of 
the  gage,  by  emptying  part  of  it  and  filling 
it  again  in  open  air:  and  having  boiled  the 
gage,  I exhaufted  the  receiver,  with  the  gage 
in  it,  to  let  the  mercury  fubfide  out  of  the 
gage  into  the  ciftern;  and  then  filled  the  gage 
again  by  the  prelfure  of  the  air,  without  tak- 
ing the  open  end  of  the  gage  out  of  the  mer- 
cury. This,  alfo,  having  part  of  the  column 
fufpended  at  the  top  of  the  tube,  as  before, 
exhibited  the  aforefaid  fpeck  at  about  half  an 
inch  from  the  top.  In  this  I took  the  gage 
out  of  the  receiver,  and  emptied  the  bulb  and 
about  half  the  tube,  and  filled  it  again  in  open 
air:  but  now  not  the  lead  more  of  this  coating, 
&c.  appeared  in  the  tube  than  what  appears 
in  every  clean  tube  that  has  been  filled  with 
mercury  and  not  boiled.  I repeated  this  often; 
and  the  refult  was  the  fame. 
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Thefe  appearances,  I think,  feem  ftrongly 
to  indicate,  that  this  coating,  or  covering,  with 
damp,  or  vapour,  Sec.  takes  place  only  where 
the  air  is  in  a rarefied  fiate,  or  at  leaft,  moil 
when  the  air  is  highly  rarefied.  I believe  it  is 
generally  allowed,  that  water  or  damp  abforbs 
air  very  copioufly.  Thus  there  may  be  no 
great  difficulty  to  fuppofe  the  aforefaid  coating, 
or  covering  with  damp,  vapour,  or  the  like, 
to  do  the  fame:  and  admitting  this,  the  dif- 
ficulty of  accounting  for  the  irregularities  and 
deceptions  of  the  pear-gage  ceafes  at  once. 
In  this  cafe  alfo,  not  only  the  abforbency  of 
the  damp,  Sec.  may  be  fo  favourable  to  the 
deception  in  the  pear-gage;  but  if  any  of  thefe 
tubes  thus  covered  on  the  infide  with  damp, 
Sec.  are  examined  with  a magnifying  glafs, 
they  will  appear  like  any  other  glafs  that  has 
been  breathed  upon,  affording  numberlefs 
vacuities  and  lodgments  in  which  the  mer- 
cury  will  entangle  the  rarefied  air  all  the 
way  as  it  rifes  in  the  cra^e.  This  verifies  ' 

Mr. 
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Mr.  Bewly’s  fuggeftions  in  a very  high  de- 
gree*. [See  page  126.] 

Notwithftanding  all  this  difference  in  the 
pear-gage,  the  upright  boiled  gage  was  not 
fenfibly  affe£ted,  which  was  each  time  brought 
down  to  three-tenths  of  an  inch.  And  I 
believe  this  to  be  the  moft  accurate  meafurer 
of  air  rarefied,  or  condenfed,  to  any  degree  of 
which  the  apparatus  is  capable. 

In  the  abflra£l  of  Mr.  Nairne’s  letter  which 
Mr.  Bewly  fent  me  on  the  16th  of  December, 
1776,  he  mentioned  a great  difference  that 
Mr.  Nairne  found,  by  including  a piece  of 
box-wood  in  the  receiver  with  the  pear-gage: 
after  which  I made  fome  experiments  includ- 
ing a piece  of  box-wood  with  the  pear -gage 
in  the  receiver;  but  found  no  difference. 

* The  Honourable  Mr.  Cavendilh  feemed  to  have  formed  an 
idea  fomething  fimilar  to  Mr.  Bewly’s,  as  related  in  Mr.  Smea- 
ton’s  anfwer  to  my  letter  to  Dr.  Watfon:  which  is  noticed  af- 
terwards. 


[See 
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[See  note,  page  139.]  However,  after  I informed 
Mr.  Bewly  of  it,  he  wrote,  by  way  of  note 
in  a letter,  dated  January  29,  1777,  as  fol- 
lows: 4 Though  you  made  your  apparatus  as 
£ clean  and  dry  as  poflible;  yet  you  could  not 
4 probably  clear  it  of  the  humidity  contained 
4 in  the  inner  works  of  it.  If  fo,  there  might 
4 be  no  alteration,  whether  the  box-wood  were 
c under  the  receiver  or  not/  I think  it  feems 
as  if  he  thought  my  pump  did  not  rarefy  far 
enough  to  bring  on  * the  difference  with  the 
box- wood;  which  put  me  on  making  fome 
more  experiments  with  the  pear-gage,  to  fee 
what  degree  of  exhauftion  is  neceffary  to  make 
a difference  appear:  and  in  order  thereto,  I 
made  two  new  pear-gages  of  very  different  fizes* 

EXPERIMENT  XI. 

One  of  the  above  gages,  the  tube  part 
of  it  being  three  inches  above  the  bulb,  held 
feven  penny-weights  and  fifteen  grains  of  mer- 
cury; and  the  whole  gage  contained  fifteen 
ounces,  eighteen  penny-weights,  and  fifteen 
grains:  having  boiled  the  mercury  in  it,  but 

without 
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without  box-wood  or  flieep-fkin,  on  exhaus- 
tion it  gave  two  hundred  and  fifty-four  times 
rarefa6lion;  and  the  upright  boiled  gage  was 
brought  down  to  three-tenths  of  an  inch. 

EXPERIMENT  XII. 

The  fame  gage  not  boiled,  with  a piece  of 
fheep-fkin,  which  weighed  one  hundred  and 
twelve  grains,  included  in  the  receiver,  now 
gave  fifteen  thoufand,  two  hundred,  and 
ninety-four  times  rarefa£lion:  and  the  upright 
gage  was  three-tenths  of  an  inch  as  before. 

EXPERIMENT  XIII. 

The  fame  gage  again,  not  boiled,  and 
without  the  fheep-fkin,  gave  feventy-eight 
times;  the  upright  gage  being  brought  down 
to  five-tenths  of  an  inch. 

EXPERIMENT  XIV. 

The  fame  pear-gage  with  a piece  of  fheep’s- 
leather,  gave  three  hundred  and  fixty-four 
times;  and  the  upright  gage  was  at  five-tenths 
of  an  inch,  as  in  the  lafl  experiment. 

EXPERIMENT 
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EXPERIMENT  XV. 

The  laft  gage  again,  without  the  fheep's  lea- 
ther, gave  forty-five  times ; the  upright  gage 
being  brought  down  only  to  eight-tenths 
of  an  inch. 

EXPERIMENT  XVI. 

The  former  gage  again,  with  the  piece  of 
fheep’s  leather,  gave  fixty-fix  times;  when  the 
upright  gage  was  at  eight-tenths. 

EXPERIMENT  XVII. 

With  another  pear-gage,  the  tube  part  of 
which  was  five  and  a half  inches  above  the 
bulb,  three  inches  of  it  held  fix  penny-weights 
and  twenty-one  grains,  and  the  whole  gage 
contained  feven  ounces,  nineteen  penny -weights, 
and  twenty-two  grains.  This  gage  being  filled, 
and  the  mercury  boiled  in  it,  without  the 
fheep’s  fkin,  gave  one  hundred  and  ninety  times. 
The  upright  gage  was  brought  down  to  three- 
tenths  of  an  inch. 
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EXPERIMENT  XVIII. 

The  lafl  gage,  not  boiled,  and  with  the 
former  piece  of  fheep’s  (kin,  the  upright  gage 
being  brought  down  to  three-tenths  of  an  inch, 
the  former  gave  fourteen  thoufand  times  rare- 
fa£liom 

EXPERIMENT  XIX. 

Bringing  the  upright  gage  down  to  five- 
tenths,  the  lafl:  pear-gage  unboiled,  and  with- 
out the  fheep’s  {kin,  gave  fixty-nine  times  ra- 
refa£lion. 


EXPERIMENT  XX. 

Bringing  the  upright  gage  down  to  five- 
tenths,  the  lafl  pear-gage,  with  the  fheep’s 
{kin,  and  unboiled,  now  gave  one  hundred  and 
ninety-one  times  rarefa£lion. 

EXPERIMENT  XXL 
The  lafl  pear -gage  again,  unboiled  and 
without  the  fheep’s  {kin,  gave  only  thirty- 
nine  times,  when  the  upright  gage  was 

brought 
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brought  down  to  only  eight-tenths  of  an 
inch. 


EXPERIMENT  XXII. 

The  fame  gage  again,  unboiled,  and  with 
the  piece  of  fheep’s  Ikin,  the  upright  gage 
being  at  eight-tenths,  gave  fifty-feven  times 
rarefaction. 

In  all  thefe  experiments,  the  pump  was 
ufed  dry,  and  the  receivers  were  cemented 
down;  and  in  all  the  lirft  twelve  experiments, 
the  upright  boiled  gage  was  brought  down  to 
three-tenths  of  an  inch  above  the  furface  of 
the  mercury  in  the  ciftern,  as  it  was  in  expe- 
riments the  fixteenth  and  feventeenth.  And 
by  both  thefe  laft  gages  it  feems  very  plain, 
that  the  vapour,  &c.  had  a confiderable  effeCl 
at  a much  lefs  degree  of  exhauftion  than 
what  I ufed  with  the  box-wood,  by  which 
I found  no  effeft.  Perhaps  Mr.  Nairne’s  box- 
wood was  not  fo  dry  as  mine;  and  I did  not 
try  it  green,  where  the  effeCl  might  have 
plainly  appeared.  Now  all  thefe  experiments 

X 2 feem 
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feem  fully  to  prove  what  has  already  been 
obferved,  namely,  that  this  coating,  or  covering 
with  damp,  &c.  takes  place  moll;  where  the 
air  is  highly  rarefied.  [See  page  149.]  And 
in  all  thefe  experiments  the  degree  of  ex- 
hauflion  is  taken  by  the  pear-gage  in  an 
ere£t  pofition,  of  which  notice  has  already 
been  given.  [See  page  120.]  Thefe  experi- 
ments alfo  further  prove,  that  a common  con- 
ftrufted  air  pump  may  be  made  to  rarify 
as  much  as  one  of  the  Smeatonian  con- 
flru£lion. 

Mr.  Nairne  tells  Mr,  Bewly,  November  22, 
1776,  that  the  pump  with  which  thefe  expe- 
riments were  made,  is  different  from  Mr. 
Smeaton’s,  ‘ and  as  a proof  that  it  is  not  liable 
‘ to  be  out  of  order,  I need  only  mention  that 
‘ it  has  been  worked  almofl:  daily  and  hourly 
‘ fince  the  2 1 ft  of  O&ober  till  this  day,  and 
‘ has  not  had  a fingle  drop  of  oil  more  than 
4 what  was  put  to  it  when  it  was  firfi;  put 
* together,  and  at  prefent  I do  not  find  but 
‘ what  it  performs  all  its  fun£tions  as  well  as 

‘at 
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c at  firfl*/  Hence  thofe  experiments  appa- 
rently were  begun  with  this  pump,  at  about 
October  21,  1776,  but  I knew  nothing  of 
-what  had  happened  any  where,  except  what 
I myfelf  was  doing,  till  the  7th  preceeding: 
fo  that  I think  my  difcoveries,  relative  to  the 
fallacy  of  the  Smeatonian  pump  and  gage, 
hand  quite  independent  of  every  thing  elfe, 
any  where,  or  at  any  time;  and  that  all  Mr. 
Nairne’s  experiments,  except  what  was  fhewn 
in  April  1 776,  were  pofterior  to  my  difcove- 
ries relative  to  the  pump  and  gage.  But 
the  real  exigence  of  the  vapour,  by  boil- 
ing the  pear-gages,  I did  not  difcover  till 
afterwards. 

It  appears  that  many  Gentlemen  of  the 
Royal  Society  were  prefent  with  Mr.  Nairne, 
when  he  fhewed  Mr.  Smeaton  the  great  dif- 
ference between  the  two  gages,  &c.  in  April 
1776,  [fee  page  134]  one  of  whom  was  the 

* A ftrong  proof  of  the  excellency  of  the  manner  in  which  the 
workmanlhip  was  executed. 


Hon, 
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Hon.  Mr.  Cavendifh,  whofe  great  philofophi- 
cal  knowledge  is  well  eftablifhed.  He  then 
recollecting  fome  former  obfervations,  very 
readily  fuggefted  an  hypothejis , whereby  to 
account  for  the  difference  between  the  two 
gages  which  he  had  juft  before  feen.  The 
fubftance  of  this  hypothejis  is  given  by  Mr. 
Nairne  in  the  Philofophical  TranfaClions,  but 
fomething  different  from  the  manner  in  which 
Mr.  Smeaton  gave  it  in  his  anfwer  to  my  firft 
letter  to  Dr.  Watfon,  as  will  appear  by 
and  bv. 

On  the  third  experiment  in  Mr.  Nairne’s  ac- 
counts [fee  page  136,]  a note  is  given,  which 
fays,  c It  may  be  proper  to  take  notice,  that  the 
c pump,  in  every  experiment  hereafter-men- 
c tioned,  was  worked  ten  minutes,  except  where 
e it  is  otherwife  mentioned.’  By  this  note  it 
may  appear,  as  if  ten  minutes  were  thought  full 
long  enough  to  work  the  pump.  Hence  it 
feems  he  had  not  tried  what  might  be  done 
by  working  the  pump  any  longer  time,  or 
even  fuppofed  it  neceffary  with  the  pear- 

gage: 
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gage;  though  it  appears  as  if  he  did  with  the 
barometer  gage.  And  I fhould  in  general 
have  thought  the  fame,  for  I do  not  re- 
member that  I worked  my  pump  five  minutes, 
nor  above  three,  my  receiver  being  fmall,  [fee 
page  116,]  for  any  one  of  thefe  experiments; 
and  yet,  I apparently  produced  as  great  a 
degree  of  rarefa£lion  as  any  one.  But  in  the 
fucceeding  experiments  his  ingenuity  led  him  to 
fee  what  would  happen  by  working  the  pump 
half  the  time,  that  is,  five  minutes,  and  then 
pufhing  down  one  gage,  purpofely  having  two 
of  them  at  the  fame  time  in  the  receiver;  but 
flayed  till  the  pump  had  been  worked  ten 
minutes  before  the  other  was  puflied  down, 
in  order  to  fee  the  difference  produced  by  the 
difference  of  the  time  of  working  the  pump. 
Thus  when  the  firff  gage  was  puflied  down  in 
this  experiment,  no  more  air  was  fuppofed  to 
get  out  of  this  gage;  although  the  pump  was 
kept  working  to  ten  minutes.  Accordingly 
the  firft  gage  indicated  but  a low  degree  of 
exhauftion,  to  what  it  did  in  the  former  ex- 
periments, when  the  pump  had  been  worked 

ten 
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ten  minutes.  This  difference,  one  would 
think,  might  have  pointed  out  the  trial  of 
working  the  pump  with  a pear-gage,  as  much 
longer  than  common,  as  this  laft  experiment 
was  Ihorter;  in  order  to  fee  what  difference 
that  time  of  working  the  pump  would  make. 
I think  it  could  have  done  no  harm:  and  in 
particular,  after  what  Mr.  Nairne  had  repre- 
fented  to  Mr.  Bewly,  December  19,  1776, 
when  referring  to  the  elaftic  vapour,  (the  idea 
of  which  the  former  informed  the  latter,  he 
had  from  Mr.  Cavendilh)  he  fays,  4 The  man- 
4 ner  I account  for  thefe  appearances  is  this:  I 
c imagine  that  there  is  contained  in  the  leather, 
c &c.  an  elaftic  fluid  which  is  kept  in  a fixed,  or 
4 condenfed  ftate  by  the  preffure  of  the  at- 
4 mofphere,  but  when  that  preffure  is  in  part 
4 taken  from  it,  it  turns  into  an  elaftic  vapour, 
4 mixes  with  the  dilated  air  and  is  exhaufted 
4 with  it  out  of  the  receiver.  That  when  the 
4 pump  has  been  kept  continually  exhaufting 
4 for  ten  minutes,  there  then  remains  in  the 
4 receiver  and  Smeatonian  gage  only  a four 
4 thoufandth  part  of  air,  the  other  being  the 

4 elaftic 
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f elaflic  vapour,  which  returns  to  its  original 
c fluid  flate  on  being  prefTed  by  the  atmof- 
e phere;  in  the  fame  manner  as  fleam  when 
c turned  into  water,  which,  if  I remember 
e right,  takes  up  thirteen  thoufand  times  more 
* fpace  when  in  fleam  than  in  water,  and  I do 
4 imagine  the  longer  the  pump  is  kept  exhaufl- 
4 ingr  that  lefs  air  would  be  left  in  the  Smea- 

O 

e tonian  gage.5  However,  this  feems  to  have 
efcaped  all  his  careful  variety  of  examina- 
tions ; yet  he  might  try  it,  and  not  finding  it 
to  anfwer,  omit  to  infert  it.  But  he  found 
the  barometer,  or  upright  gage,  the  fame  at 
five  minutes  working,  as  it  was  at  ten.  If 
the  pear-gage  was  not  thus  tried,  perhaps 
what  prevented  it  might  be  the  difcourage- 
ment  given  by  Mr.  Cavendifh,  that  is,  4 that 
4 being  continually  generating  and  condenfmg 
4 would  never  be  exhaufled,’  as  related  in 
Mr.  Smeaton’s  anfwer  to  my  firfl  letter,  on 
this  fubje£t,  to  Dr.  Watfon,  which,  as  I re- 
ceived it,  appears  as  follows:  4 Seeing  thefe 
4 experiments,  at  which  were  prefent  Mr. 

4 Cavendifh,  Mr.  Aubert,  and  fome  other 

Y friends, 
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‘ friends,  and  its  turning  out  as  Mr.  Nairne 

* had  faid,  Mr.  Cavendifh  fuggefted,  that 
c under  a certain  degree  of  abfence,  of  prefTure, 
4 of  atmofpheric  air,  that  the  moifture  in,  and 
4 about  the  pump  and  glades,  raifed  a vapour 
c from  the  watery  particles  that  being  conti - 
c nually  generating  and  condenfing  would 
c never  be  exhaufted,  and  which  prelfed  upon 
c the  open  leg  of  the  fyphon  and  raifed  the 
c column  in  the  other  juft  as  much  as  a light 
4 preflure  of  air;  but  as  this  watery  vapour 
‘ would  even  promote  the  efcape  of  the  at- 
4 mofpheric  air  from  the  receiver,  whenever 
4 the  return  of  the  atmofphere  drove  the  mer- 
4 cury  up  into  the  pear-gage,  the  watery  va- 
4 pour  condenfing  to  the  fide  of  the  tube,  left 
4 nothing  but  the  proportion  of  atmofpheric 
‘ air,  that  under  thefe  circumftances  remained 

* to  be  unoccupied  by  the  quick-filver;  in  con- 
4 firmation  of  this  idea,  he  defired  that  the 
4 experiment  might  be  tried,  that  all  moifture 
4 might  be  avoided  as  much  as  poflible;  and 
4 as  I remember,  the  fyphon  gage  came  much 
4 nearer  to  the  level:  and,  as  I believe , the 


THE  AIR  PUMP.  163 

4 p ear-gage  fhewed  a lefs  rarefaction.  But  I 
6 was  the  lefs  exa£l,  in  noting  the  particulars, 
4 as  I intimated  to  Mr.  Cavendifh  my  defire 
4 that  he  would  give  the  fociety  an  account 
4 of  the  experiment  with  his  explication  upon 
4 it,  which  appeared  to  me  equally  new  and 
4 curious,  therefore,  in  hopes  that  Mr.  Ca- 
c vendilh  would  do  it  I relied  the  matter 
4 there.’ 

The  former  being  Mr.  Smeaton’s  exhibition 
of  Mr.  Cavendifh’s  hypothelis,  that  in  the 
Philofophical  Tranfa£lions  now  follows.  After 
feeing  the  gages  differ  fo  much  from  one 
another,  Mr.  Nairne  fays,  4 Mr.  Cavendifh 
4 accounted  for  it  in  the  following  manner. 
4 It  appeared,  he  faid,  from  fome  experiments 
4 of  his  father’s,  Lord  Charles  Cavendifh,  that 
4 water,  whenever  the  prelfure  of  the  atmof- 
4 phere  on  it  is  diminifhed  to  a certain  de- 
4 gree,  is  immediately  turned  into  vapour, 
4 and  is  as  immediately  turned  back  again 

4 into  water  on  reftoring  the  prelfure.  This 

4 degree  of  prelfure  is  different  according  to 

Y 2 the 
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e the  heat  of  the  water:  when  the  heat  is  720 
c of  Fahrenheit’s  fcale,  it  turns:  into  vapour 
c as  foon  as  the  preffure  is  no  greater  than  that 
‘ of  three  quarters  of  an  inch  of  quickfilver, 
£ or  about  one -fortieth  of  the  ufual  preffure 
e of  the  atmofphere;  but  when  the  heat  is 
e only  410,  the  preffure  muff  be  reduced  to 
£ that  of  a quarter  of  an  inch  of  quickfilvier 
£ before  the  water  turns  into  vapour.  It  is 
£ true,  that  water  expofed  to  the  open  air  will 
‘ evaporate  at  any  heat,  and  with  any  preffure 
£ of  the  atmofphere;  but  that  evaporation  is 
£ entirely  owing  to  the  aclion  of  the  air  upon 
‘ it:  whereas  the  evaporation  here  fpoken  of 
c is  performed  without  any  alliftance  from  the 
£ air.  Hence  it  follows,  that  when  the  receiver 
£ is  exhauffed  to  the  abovementioned  degree, 
£ the  moiffure  adhering  to  the  different  parts 
£ of  the  machine  will  turn  into  vapour  and 
£ fupply  the  place  of  the  air,  which  is  conti- 
£ nually  drawn  away  by  the  working  of  the 
£ pump,  fo  that  the  fluid  in  the  pear-gage,  as 
£ well  as  that  in  the  receiver,  will  confift  in 
£ good  meafure  of  vapour.  Now  letting  the 

£ air 
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4 air  into  the  receiver,  all  the  vapour  within 
4 the  pear-gage  will  be  reduced  to  water,  and 
4 only  the  real  air  will  remain  uncondenfed; 
4 confequently  the  pear-gage  Ihews  only  how 
4 much  real  air  is  left  in  the  receiver,  and  not 
4 how  much  the  preffure  or  fpring  of  the 
4 included  fluid  is  diminifhed,  whereas  the 
4 common  gages  fhew  how  much  the  preffure 
4 of  the  included  fluid  is  diminifhed,  and 
4 that  equally,  whether  it  confiffs  of  air  or 
4 of  vapour. 

4 Mr.  Cavendifh  having  explained  fo  fatis- 
4 factorily  the  caufe  of  the  difagreement  be- 
4 tween  the  two  gages,  I confidered,  that,  if 
4 I were  to  avoid  moifture  as  much  as  pof» 

4 fible,  the  two  gages  fhould  nearly  agree: 

4 this  induced  me  to  make  the  following  ex~ 

4 periments/ 

Hence  it  appears  as  if  Mr.  Nairne  did  not 
recoiled;  Mr.  Cavendifh’s  defiring  all  moif- 
ture to  be  avoided,  and  the  experiment  to 
be  tried,  by  faying,  4 I confidered  that  if  I 

were 
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were  to  avoid  moilture,’  &c.  any  more  than 
Mr.  Smeaton  did  Mr.  Cavendifh’s  defeription 
of  the  necelfary  heat  of  water  to  evaporate  in 
an  exhaufted  receiver. 

The  idea  of  the  elaltic  vapour  feems  to  be 
allowed  on  all  fides,  as  Mr.  Cavendifh’s  own : 
and  were  it  not  for  the  principle  on  which  the 
idea  itfelf  is  founded  carrying  with  it  fuch  an 
infurmountable  obftacle,  the  idea  would  not 
be  fo  eafily  fhaken;  but  as  it  is  relied  upon 
a fuppofition  that  on  the  admihion  of  com  - 
mon air  to  it,  or  on  the  admillion  of  it  to 
common  air,  the  effe£f  being  the  fame  in 
both,  it  becomes  of  no  confequence,  or  returns 
to  its  original  Hate;  thus  the  hypothefis 
feems  wholly  to  deltroy  itfelf.  He  fays,  4 but 
4 as  this  watery  vapour  would  even  promote 
c the  efcape  of  the  atmofpheric  air  from  the 
4 receiver,’  Sec.  or  as  Mr.  Nairne  relates,  in 
the  Philofophical  Tranfa£lions,  4 that  water, 
* whenever  the  prelfure  of  the  atmofphere  on 
4 it  is  diminilhed  to  a certain  degree,  is  im- 
4 mediately  turned  into  vapour,  and  is  as  im  - 
mediately 
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4 mediately  turned  back  again  into  water  on 
£ reftoring  the  preffure : or,  that,  it  is  conti- 
c nually  drawn  away  by  the  working  of  the 
4 pump,  or,  as  he  faid  to  Mr.  Bewly,  that 
c it  mixes  with  the  dilated  air  and  is  exhaufted 
4 with  it/  On  tliefe  premifes,  it  feems  al- 
moft  impofiible  that  this  vapour  fhould  by 
any  means  promote  the  efcape  of  the  atmof- 
pheric  air:  for  if  it  fhould  be  able  to  affift 
the  rarefied  air  to  lift  up  any  valve,  (and  in 
particular,  one  whofe  refiftance  is  equal  to  Mr. 
Smeaton’s)  in  the  middle  part  of  it,  yet  when 
it  gets  to  the  limits  of  its  confinement,  that  is, 
at  the  edges  of  the  valve,  it  is  inftantly  driven 
back  whence  it  came:  feemingly  as  if  the 
common  air  flood  to  watch  it  with  a fure 
weapon,  ready  to  demolifh  it  at  its  attempting  to 
make  its  efcape.  Or  it  might  be  reprefented 
more  familiarly,  by  fuppofing  a fhower  of 
rain  and  hail  falling  upon  a large  plate  of 
glafs,  or  the  like,  on  which  the  ihower 
would  fall,  rain  and  hail  mixed  together;  but 
the  hail  would  by  the  fall  be  made  to  bolt 
back,  or  up  again;  and  although  the  water 

might 
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might  lie  lurking  ready  to  pals,  yet  it  could 
never  get  through  the  glafs,  any  more  than 
either  the  dilated  air,  or  the  vapour  under 
the  receiver,  could  efcape  at  the  valve. 

In  Mr.  Cavendifh’s  hypothefis,  he  fays,  as 
related  by  Mr.  Smeaton,  4 the  watery  vapour 
4 condenfing  to  the  fide  of  the  tube  left  no- 
4 thing  but  the  proportion  of  atmofpheric  air, 

4 that  under  thefe  circumftances  remained  to 
4 be  unoccupied  by  the  quickfilver.’  I think 
he  mull  confider  the  vapour  to  condenfe,  and 
lodge  perfe£tly  fmooth,  contrary  to  the  na- 
ture of  vapour,  damp,  &c.  on  the  inner  fur- 
face  of  the  tube,  &c.  and  to  leave  no  lodge- 
ments, or  cavities,  for  any  of  the  air  to  lurk 
in,  as  the  mercury  rifes  in  the  gage.  But 
there  is  not  a fmgle  hint  in  the  hypothefis,  or 
the  experiments,  towards  making  the  vapour 
appear,  in  any  fhape,  to  any  of  the  fenfes; 
and  it  is  much  to  be  doubted  whether  any  of 
either  vapour,  or  air,  enters  the  tube  more 
than  what  is  perpendicularly  under  the  column 
contained  in  the  tube-part  of  the  gage,  agree- 
ably 
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ably  to  the  rules  of  hydroflatics,  namely,  that 
fluids  prefs  equally  in  all  dire£lions:  whereas 
the  boiled  gages  make  it  plainly  appear;  and 
alfo,  if  they  are  examined  with  a magnifier, 
that  there  are  innumerable  cavities,  See.  as  al- 
ready obferved,  for  the  air  to  lurk  in,  all  the 
way  up  in  the  bulb,  be  it  ever  fo  large,  as 
well  as  the  tube  of  the  gage:  and  moflly  the 
larger  the  bulb  is,  and  the  fmaller  and  fhorter 
the  tube  is,  the  greater  is  the  deception,  if  the 
unoccupied  part  of  the  gage  is  taken  in  an 
ere£f  pofition.  But  Mr.  Nairne  does  not  men- 
tion how  he  took  the  unoccupied  part  of  his 
gages,  whether  in  an  eredt,  or  horizontal  po- 
fition; which  makes  a very  great  difference. 
[See  page  120.] 

In  the  Philofophical  Tranfaciions,  page  623, 
it  is  faid:  ‘ Now  letting  the  air  into  the  re- 
6 ceiver,  all  the  vapour  within  the  pear-gage 
c will  be  reduced  to  water,  and  only  the  real 
c air  will  remain  uncondenfed;  confequently, 
c the  pear-gage  (hews  only  how  much  real  air 
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4 is  left  in  the  receiver*.’  But  the  pear-gage 
no  more  fhews  how  much  real  air  is  left  in 
the  receiver,  than  what  is  left  in  the  gage  it- 
felf;  on  account  of  the  lodgments  and  cavi- 
ties, formed  by  the  damp  or  vapour,  on  the 
fides  of  the  glalfes,  &c.  nor  do  thofe  expe- 
riments make  it  appear  that  the  vapour  is 
reduced  to  water. 

Mr.  Nairne  fays,  e The  other  being  the 
4 elaftic  vapour,  which  returns  to  its  original 
4 fluid  Hate  on  being  preffed  by  the  atmofphere; 

4 in  the  fame  manner  as  fleam  when  turned  into 
4 water,’  &c.  [See  pages  161  and  162.]  But 
this  is  fomething  contrary  to  moft  of  the  other 
conceptions  of  this  vapour;  which  fuppofe 
that  it  is  changed  immediately  into  water,  or 
its  original  flate:  whereas  fleam  feems  to  re- 
main fome  confiderable  time  before  it  is  per- 
fe£lly  turned  into  water,  or  back  again  into 
its  original  flate. 

* The  fame  is  maintained  alfo  in  Philofophical  Tran  factions, 
pages  636  and  637. 

On 


THE  AIR  PUMP.  171 

On  the  firfl;  of  May,  1777,  Mr.  Bewly 
wrote  to  me  as  follows:  4 In  a letter  which 
4 I received  this  morning  from  Mr.  Nairne, 

4 whom  I had  informed  of  fome  of  the  par- 
4 ticulars  of  your  experiments,  he  fays,  there 
4 is  certainly  fomething  or  another  that  Mr. 

4 Brook  does  not  attend  to;  otherwife  there 
4 would  not  be  that  difference  in  his  gages:’ 
and  then  gives  fome  examples  with  his  gages, 
adding,  that  4 they  always  agree,  I never  find 
4 my  gages  differ.  He  fufpefts  too,  as  I did, 
4 that  you  have  not  attended  to  the  time.  The 
4 time  of  working  the  pump  is  certainly  a very 
4 material  confideration;  if  the  hypothefis  of 
4 an  elaffic  vapour  be  true.’  In  reading  Mr. 
Nairne’s  account  in  the  Philofophical  Tranfac- 
tions,  I was  very  glad  to  fee,  that  he  after- 
wards found  a difference  in  his  gages,  as  well 
as  I had  done  in  mine*.  And  in  refpe£!  to 
attending  to  time,  all  my  guide  was  the  bring- 
ing the  boiled  upright  gage  as  low  as  I could; 
which  I believe  never  exceeded  three  minutes, 

* See  Philofophical  Tranfadtions,  pages  626  and  6 27. 

Z 2 and 


172. 


OBSERVATIONS  ON 


and  often  not  fo  long;  and  yet  my  apparent 
powers,  or  degrees,  or  number  of  times  rare- 
fying, were  equal  to  any,  as  mentioned  juft 
before:  fo  that  the  time  does  not  appear  to 
be  of  fo  material  a confideration  as  was  be- 
lieved, whether  the  truth  of  the  hypothefis 
be  admitted  or  not. 

Having  ufed  my  pump  indifferently  with 
wet  leathers,  &c.  and  having  informed  Mr. 
Bewly,  that  the  effe6t  went  off  in  fix  or  eight 
hours,  and  fometimes  much  fooner,  by  work- 
ing it  often  in  the  time;  and  fending  ac- 
counts of  fome  experiments,  to  him,  made 
with  the  pump  in  that  ftate,  and  from  the  in- 
tercourfe  between  himfelf  and  Mr.  Nairne, 
the  latter  advifed  the  former  not  to  ufe  any 
water  or  leathers  foaked  in  water,  for  he  muft 
never  expe£t  his  pump  to  exhauft  after  he 
had  ufed  water,  any  thing  like  fo  near  as  it 
did  before.  This  being  contrary  to  what  I 
had  told  Mr.  Bewly,  it  added  much  to  my 
fatisfadtion  in  reading  Mr.  Nairne’s  account  in 
the  Philofophical  Tranfa£lions,  to  find,  that 

my 
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my  former  obfervations  to  Mr.  Bewly  were 
fo  ftrongly  verified*, 

. . - 1 

Mr.  Nairne,  having  been  defcribing  the 
ConftruCtion  of  his  long  and  fhort  upright 
gages,  fays,  s gages  made  with  thefe  precau- 
e tions  feem  to  me  to  be  the  moft  to  be  de- 
6 pended  upon,  in  determining  the  aClual  di- 
c minution  of  the  prelfure  on  the  furface  of 
‘ the  quickfilver  in  the  cifternf.”  And  it  may 
be  readily  fuppofed,  that  this  fort  of  gages  will 
be  the  moll  to  be  depended  upon  in  every  pneu* 
matical  operation  relative  to  rarefaction  or  con- 
denfation.  For  the  pear-gages  fhew  nothing  at  all 
till  after  the  defigned  exhauftion  is  over;  whereas 
the  other  forts  do  it  continually  from  the  lead 
to  the  greateft  degree:  and  even  after  the  de- 
figned exhauftion  is  over,  the  pear-gage  {hews 
no  more  than  the  other  would  under  the 
fame  circumftances,  that  is,  by  being  boiled, 
namely,  that  there  is  a vapour,  See . that 
arifes  and  takes  place  on  the  fides  of  what- 

* See  Philofophical  Tranfa&ions,  642.  f lb.  page  620. 
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ever  is  within  the  receiver,  at  a confiderable  di- 
minution of  atmofpherical  preflure:  and  this 
verifies  that  part  of  Mr.  Cavendifh’s  hypothe- 
fis  in  a very  high  degree. 

After  finding  Mr.  Nairne’s  comparifon  of 
the  two  pumps  inferted  in  the  Philofophical 
Tranfacftions;  as  I knew  him  to  be  as  great 
a ftranger  to  fecrets  as  Dr.  Prieftley  is  to  per- 
fifting  in  a miftake;  the  next  time  I went  to 
London  I took  one  of  my  boiled  upright 
gages  with  me,  intending  to  afk  his  leave  to 
let  me  try  one  of  his  belt  Smeatonian  pumps 
with  my  gage,  which  he  feemed  with  great 
pleafure  to  grant:  and  he  having  juft  before 
finifhed  a new  pump  on  that  principle,  with 
fome  additions  and  improvements,  he  readily 
gave  me  leave  to  try  what  I liked  with  it, 
and  defired  his  foreman  to  aflift  me.  But 
when  we  had  put  my  gage  on  his  pump,  and 
exhaufted  it,  he  feemed  to  be  fomething  dif- 
appointed,  to  find  that  his  pump  would  not 
bring  my  gage  any  thing  like  fo  low  as  he  ex- 
pected. We  repeated  our  trials,  but  the  re- 

fult 
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fult  was  the  fame:  and  I fhould  have  been 
equally  difappointed  had  his  cafe  been  mine; 
though  he  faid  but  little  about  it:  nor  could  we 
with  that  pump,  which  was  finifhed  in  the 
bell:  manner,  bring  my  gage  fo  low  as  I could 
with  thefe  pumps  which  I myfelf  had  made, 
by  full  one-tenth  of  an  inch:  and  I could 
only  fuppofe  it  to  be  owing  to  the  difference 
of  boiling  the  gages:  which,  to  me,  foon 
appeared  very  plainly  to  be  the  cafe;  though 
Mr.  Nairne  had  conceived  by  verbal  defcrip- 
tion  that  my  method  of  boiling  them  could 
not  be  fo  perfedt  as  his,  on  account  of  the 
pofition  in  which  I held  my  gages,  while 
they  were  boiling.  Accordingly  he  defired 
his  boiling  apparatus  to  be  got  ready,  in  or- 
der to  let  me  fee  his  method  of  boiling ; 
which  was  done : and  I could  do  no  lefs  than 
offer  to  fhew  him  my  method,  which  was 
likewife  done  one  night  after  we  had  been 
at  the  meeting  of  the  Royal  Society,  where 
he  was  fo  obliging  as  to  afk  me  to  go  with 
him.  And  as  I was  boiling  a barometer 

O 

tube,  he  feemed  fatisfied  that  my  method  of 

boiling 
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boiling  was  not  inferior  to  his,  in  regard  to 
perfection*;  though  I found  that  he  could 
boil  feveral  to  my  one:  but  it  appeared  to  me 
that  his  method  was  fcarcely  boiling  at  all,  or 
little  more  than  heating  them  pretty  hot:  nor 
did  it  appear  to  me  that  he  could  boil  a pear- 
gage  at  all.  Some  little  time  after  my  return 
home  I received  a letter  from  Mr.  Nairne, 
in  which  he  informed  me,  that  they  had  dis- 
covered that  fome  of  the  fhoulders  of  the 
pump  which  I tried  at  his  houfe,  were  not 
fcrewed  fo  clofe  as  they  fhould  have  been; 
which  was  the  reafon  why  the  pump  would 
not  exhauft  any  further.  I gave  him  for  an- 
fwer,  that  if  the  fhoulders  were  not  fcrewed 
clofe,  the  pump  would  not  have  been  air- 
tight; but  in  that  refpeCl  it  appeared  to  be 
very  perfect;  therefore  that  could  not  be  the 


* Notwithftanding  all  this,  the  next  time  I faw  Mr.  Nairne, 
he  had,  amidft  his  multiplicity  of  bufinefs,  quite  forgot  my  boil- 
ing a barometer  tube  for  him,  though  fome  of  his  workmen,  who 
were  prefent,  remembered  it  very  well:  alfo  he  did  not  remem- 
ber my  fending  him  a boiled  gage  for  an  air  pump,  from  Nor- 
wich, which  I had  alfo  done. 
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reafon  why  it  did  not  exhauft  any  further. 
Here  feems  to  be  a more  full  demonfixation, 
that  the  common  conftru6ted  pump  may  be 
made  to  exhauft  equal  to  the  Smeatonian  one. 

From  the  experiments  related  in  Mr.  Nairne's 
accounts  in  the  Philofophical  TranfaHions, 
which  appear  to  have  been  conducted  with 
a great  deal  of  ingenuity  and  care,  together 
with  thofe  herein  related,  I think  it  plainly 
appears,  that  the  fuppofition  relative  to  the 
excellency  of  the  Smeatonian  conftruHed 
air  pump,  arofe  entirely  from  the  fallacioufnefs 
of  the  pear-gage;  and  that  the  common  con- 
ftruHed  pump,  as  well  executed  as  Mr.  Nairne 
does  his,  will  exhauft  as  much  as  any  hitherto 
cQnftrudted*. 

Some  time  towards  the  latter  end  of  April 
1777,  I received  a letter,  dated  only  midnight , 


* Mr.  Nairne  informed  me  that  he  has  lately  conftrufted  an 
air  pump  fo  as  to  work  without  a valve  in  order  to  exhauft  further, 
but  I do  not  remember  that  he  told  me  how  much  farther  than 
his  former  pumps  it  would  exhauft. 

A a 
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from  Mr.  Bewly,  inclofed  with  a latin  pam- 
phlet, which  pamphlet  was  fent  hither  to  afk  the 
affiilance  of  Dr.  Manning,  in  a phrafe  or  two, 
which  the  Do6tor  readily  gave  him  in  a note 
concerning  the  pamphlet,  with  a podfcript; 
and  fent  it  to  me  to  forward  to  Mr.  Bewly; 
which  I did  May  10,  1 777.  The  following 
is  the  fubftance  of  the  poftfcript.  4 Would 
‘ Dr.  Anybody,  or  Mr.  Anybody,  at  London, 
‘ or  any  where,  have  fuppofed  that  the  Smea- 
‘ tonian  pump  would  do  no  more  than  any 
‘ other  good  pump ; which  was  Mr.  Brook’s 
‘ firft  difcovery  ; and  alfo  that  the  Smeatonian 
4 gage  was  not  an  accurate  one,  or  at  lead,  that 
‘ it  varied  fo  much  from  the  other,  and  that  it 
4 alfo  varied  fo  much  in  itfelf  at  different  times, 
‘ before  his  experiments  led  the  way?’  but 
Mr.  Bewly  gave  no  anfwer  to  the  poftfcript, 
although  he  wrote  to  me  various  times  very 
foon:  on  which  Dr.  Manning  gave  me  another 
note  to  enclofe  in  a letter  which  I fent  to 
Mr.  Bewly,  June  2,  1777.  I tranfcribed  the 
note,  and  the  following  is  a copy  of  it.  4 Dr. 

6 Manning’s  compliments  to  Mr.  Brook,  and 

c thanks 
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4 thanks  him  for  the  perufal  of  Mr.  Bewly  s 
4 letter,  he  is  much  difpofed  to  be  pleafed 
4 with  any  thing  of  his,  as  he  has  formed  a 
4 good  opinion  of  both  his  head  and  heart; 
4 but  pray  inform  him  that  he  does  not  feem 
4 to  apprehend  the  meaning  of  his  quefton 
4 added  to  your  former  letter,  I will  therefore 
4 intimate  what  it  meant,  namely,  in  plain  Eng- 
4 lifh,  that  the  whole  courfe  of  experiments 
4 relative  to  the  two  gages  and  the  prefent 
4 comparifon  of  the  common  pump  and  that 
4 of  Mr.  Smeaton’s,  took  their  rife  from  your 
4 experiments  communicated  to  Mr.  Bewly 
4 and  Dr.  Watfon.’  So  that  it  feems  to  me, 
that  I am  not  the  only  one  who  thinks, 
if  any  claim  is  to  be  laid  to  the  difcovery  of 
the  fallacy  of  either  pump  or  gage,  that  I 
have  the  greatefL 

As  obferved  before,  Mr.  Smeaton  defcribes 
his  improvements,  if  they  were  fuch,  on  the  air 
pump,  in  the  XLVIIth  Volume  of  the  Philofo- 
phical  Tranfa&ions;  and  he  defcribes  two  ad- 
vantages in  one  paragraph,  page  420,  which 

A a 2 runs 
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runs  thus:  4 Another  advantage  of  this  con- 
4 {traction  is,  that  though  the  pump  is  com- 
4 pofed  of  a fmgle  barrel,  yet  the  preffure  of 
£ the  outward  air  being  taken  off  by  the  up- 
4 per  plate,  the  pifton  is  worked  with  more 
4 eafe  than  the  common  pumps  with  two 
4 barrels  : and  not  only  fo,  but  'when  a con- 
4 fiderable  degree  of  rarefaction  is  defired,  it 
4 will  do  it  quicker;  for  the  terms  of  the  feries 
4 exprebing  the  quantity  of  air  taken  away 
4 at  each  broke  do  not  diminifh  fo  fab,  as 
4 the  feries  anfwering  to  the  common  one. 

The  former  of  thefe  two  advantages  is  at- 
tended with  two  notes;  and  feems  to  want 
more,  to  enable  it  to  keep  firm  on  its  bafis: 
the  former  is  as  follows : 

4 It  is  obvious  that  thefe  improvements 
4 will  equally  obtain,  whether  the  pump  is 
4 conbru&ed  with  a fingle  or  double  barrel.’ 
And  the  latter  bands  thus : 


c Becaufe, 
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c Becaufe,  though  the  preffure  of  a co- 
4 lumn  of  air,  equal  to  the  diameter  of  the 
4 piflon  rod,  dill  prefles  upon  it,  yet,  as  there  is 
4 only  the  fridlion  of  one  pidon,  and  that  not 
4 loaded  with  the  weight  of  the  atmofphere,  the 
4 fri£lion  of  the  leather  again!!  the  fide  of  the 
4 barrel,  and  that  of  the  rack  and  wheel,  is  much 
4 lefs:  fo  that  notwithstanding  the  addition  of 
4 fri£tion  in  the  collar  of  leathers,  that  of  the 
4 whole  will  be  lefs.’ 

In  the  double  barrelled  pump,  the  pidons 
are  connedled  together  by  the  racks  and  wheel; 
therefore,  whatever  is  lifted  up  by  one  pidon 
is  preffed  down  by  the  other,  exclufive  of 
the  fridtion;  and  though  there  is  the  fridlion 
of  the  leathers  in  both  barrels,  his  has  like- 
wife  the  fridlion  of  the  pidon  againd  the 
barrel,  and  the  fridlion  of  the  rod  in  the  col- 
lar of  leathers:  and  though  the  rod  is  lefs  in 
diameter  than  either  of  the  pidons  in  the 
double  barrelled  pump;  yet  the  Smeatonian 
pidon  is  much  larger,  otherwife  one  of  the 
fuppofed  advantages  is  lod.  And  although  it 

is 
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is  laid  that  the  pijlon  is  worked  with  more  eafe 
than  the  common  pumps  with  two  barrels;  yet  I 
cannot  find  how  it  can  work  with  fo  little 
eafe,  if  they  are  well  executed:  but  perhaps 
Mr.  Smeaton  here  means  by  common  pumps, 
thofe  of  an  inferior  fort  of  workmanfhip;  if 
not,  then  I think  the  principle  is  much  in  be- 
half of  the  common  pumps. 

The  other  advantage,  which  is,  to  rarefy 
quicker,  is  left  without  any  alfiflance;  there- 
fore, is  almoft  ready  to  fall  of  itfelf.  For  with 
two  barrels,  their  fize  need  not  be  over  large, 
to  be  equal  in  capacity  to  the  Smeatonian 
fingle  barrel,  whatever  they  may  exceed  it. 
And  as  the  wheel  in  the  latter  is  ufually  made 
fmaller,  and  the  winch  longer,  in  order  to 
make  the  labour  lefs,  than  in  the  former,  and 
the  barrel  confiderably  longer;  confequently 
the  hand  has  to  pafs  through  a much  greater 
fpace.  I think  that,  upon  an  average,  four 
dips,  or  ftrokes,  with  the  two  piftons,  may  be 
made,  in  the  fame  time,  or  perhaps  fooner,  than 
one,  in  the  Smeatonian  conftru&ion.  And  if 

one 
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one  barrel  in  the  double  conbru£tion  fhould 
take  away  only  half  the  quantity  of  air  at 
each  dip  of  each  pibon,  that  the  fingle  bar- 
relled coniiru£tion  will  do;  then  if  only  two 
brokes  (namely,  one  broke  with  each  pibon) 
with  the  former,  can  be  made  in  the  fame 
time  that  one  broke  can  be  made  with  the 
latter,  I think  the  quicknefs  of  exhaubing  is 
nearly  equal;  or  if  a greater  number  of  ftrokes 
can  be  made  with  the  former,  in  the  fame 
time,  than  one  in  the  latter,  I think  the  com- 
mon pumps,  like  that  which  I faw,  which 
came  from  Mr.  Nairne,  particularly  with  a 
fmall  alteration*  in  the  pibon,  are  very  much 
preferable.  Confequently  this  debroys  what  is 
advanced  in  the  fecond  note. 

The  brb  note  fays,  4 it  is  obvious/  See . 
Therefore  of  what  ufe  is  the  note,  as  it  illus- 
trates nothing?  for  the  improvements,  if  they 

* This  alteration  I thihk  I could  plainly  fhew  to  any  body, 
particularly  to  a workman : but  I cannot  well  do  it  in  writing, 
without  a copper-plate. 
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were  fuch,  which  the  note  refers  to,  feem  to 
be  defcribed  in  a preceeding  paragraph  which 
is  as  follows:  4 Hence,  as  the  pillon  may 
4 be  made  to  fit  as  near  to  the  top  of  the 
4 cylinder,  as  it  can  to  the  bottom;  the  air 
4 may  be  rarefied  as  much  above  the  pifton  as 
4 it  could  before  have  been  in  the  receiver/ 
But  the  improvement  referred  to  feems  to  be 
of  no  ufe,  namely,  a method  to  affift  the 
valve  to  rife  eafier.  For  I believe  it  will  rea- 
dily be  allowed,  that,  be  the  conftruHion 
what  it  will,  there  mud  always  be  air  enough 
left  to  raife  the  valve;  alfo,  that  this  will  be 
the  cafe  no  longer  than  a more  perfedt  vacuum 
can  be  made  in  the  barrel  below  the  pifton, 
than  there  is  in  the  receiver  on  the  pump,  be 
their  capacities  little  or  great : and  alfo,  that 
this  will  be  the  cafe,  whether,  or  not,  the 
pifton  works  in  a partial  vacuum;  for  as  the 
pifton  in  a common  pump  can  be  made  to  fit 
at  the  bottom  as  clofe  as  it  does  in  a fingle 
barrel  pump ; (and  I think  they  may  with 
care  be  either  of  them  made  to  fit  as  clofe 
as  any  other  fubftances,  or  furfaces,  even  fo  as 

to 
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to  exclude  all  air  between  them,  as  to  fenfe) 
then,  whether  the  barrel  works  in  a partial  va- 
cuum, or  not,  the  fpace  under  the  pifton  will 
be  as  perfe£t  a vacuum,  as  the  materials  will 
admit;  unlefs  any  air  can  get  into  that  fpace 
out  of  the  receiver:  which  will  depend  chiefly 
on  the  eafe  with  which  the  valves  can  be 
made  to  open  and  fhut,  and  the  Smeatonian 
upper  valve  is  equally  expofed  to  the  preffure 
of  the  common  air,  as  the  upper  valves  in  a 
common  double  barrelled  pump.  Therefore 
the  fuppofed  life  of  the  note,  as  well  as  the  im- 
provement it  refers  to,  does  not  clearly  appear. 
Neverthelefs,  the  plaufibility,  with  which  the 
whole  is  related,  is  excellent,  and  wants  no  af- 
fiflance  whatever.  Probably,  this  brought  on 
that  ftrength  of  expreffion  by  Mr.  Bewly. 
[fee  page  127.]  However,  exclufive  of  all 
thefe  plaufibilities,  and  fuppofed  excellencies, 
the  principle  itfelf,  on  which  they  are 
built,  runs  diametrically  oppofite  to  that  moft 
perfect  and  unerring  rule  in  mechanics,  as 
well  as  throughout  all  philofophy,  that  what- 
ever is  gained  in  power  is  loft  in  time. 
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CHAPTER  V. 


OBSERVATIONS 


HOEVER  obferves  the  Barometer  at- 


tentively, with  refpe6t  to  the  altera- 
tions of  the  weather,  relative  to  wet  and  dry, 
will  find,  that  though  its  indications  are  not 
always  certain,  yet  on  the  whole  it  is  moftly 
fo,  or,  that  it  is  the  belt  dire6tor  we  have. 
The  theory  of  it  being  very  well  underftood, 
I fhall  omit  it,  and  chiefly  attend  to  the  man- 
ner of  making  that  inftrument. 

A variety  of  incidents  following  each  other 
brought  on  my  making  barometers.  It^  al- 
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ready  appears  what  occafioned  the  difcovery  of 
the  fallacy  of  the  Smeatonian  pump  and  gage: 
one  circumflance  was  the  enquiry  of  various 
perfons  about  them,  one  of  whom  was  Mr.  J. 
Fergufon,  F.  R.  S.  who,  as  already  obferved, 
gave  a courfe  of  lectures  in  Norwich,  in  the 
year  1769,  and  the  luminous  flafk  in  his  lec- 
ture on  eledricity  was  the  firft  I ever  faw; 
and  though  I had  no  air  pump  to  do  it  as  he 
did,  he  told  me  how  to  make  one  without  a 
pump;  which  was,  by  joining  a tube  to  the 
mouth  of  a flafk,  then  filling  both  with  quick- 
iilver,  and  inverting  them  in  the  Torricellian 
way,  and  fealing  the  mouth  of  the  flafk  be- 
fore I feparated  them.  My  method  of  joining 
the  tube  to  the  fiafk  was  by  the  help  of  ce- 
ment : but  by  the  warmth  of  cementing  the 

ilafk  and  tube  together,  previous  to  their  be- 
ing filled,  I found  much  damp  in  the  flafk 
when  I had  feparated  it  from  the  tube.  I 
afterward  tried  to  difperfe  the  aforefaid  damp 
in  the  fiafk,  by  warming  it  before  feparation; 
but  found  no  advantage.  This  put  me  upon 
trying  a thin  gl afs  tube  in  the  Torricellian  me- 

1 thod ; 
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fliod  ; but,  when  it  was  filled  with  mercury, 
I found  it  was  not  fo  clean  as  it  fhould  have 
been  ; or  it  appeared  as  if  wet  withinfide: 
and  having  but  a fmall  ftock  of  tubes,  I was 
the  more  anxious  about  preferving  them : but 
by  having  Mr,  Beighton’s  account  of  Mr. 
Orme’s  manner  of  managing  them  (which  was 
alfo  merely  incidental  as  will  foon  appear,  and 
of  which  notice  will  be  taken  in  the  fequel) 
I tried  to  difperfe  the  moifture  by  heating  the 
tube  with  the  mercury  in  it  before  a common 
fire;  which  foon  turned  the  moifiure  into 
large  bubbles  of  air:  thus  I was  encouraged 
to  try  to  get  them  out  of  the  tube  : but  they 
chiefly  vanifhed  when  they  came  where  the 
tube  and  mercury  were  cold. 

My  next  apparent  resource  was,  firft,  to 
drive  away  all  the  moifture  from  the  fealed 
end  of  the  tube,  and  then  to  make  its  whole 
length  pafs  the  heat  in  fucceflion:  which  an- 
fwered  very  well,  and  left  the  mercury  very 
bright  in  the  tube. 

bur  ct’g v/  3bgnol  o-n  h to  olburm  odt  m sJo o 
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Finding  the  advantage  of  this  laft  method 
fo  plainly  to  appear,  a more  convenient  me- 
thod to  heat  them  foon  occurred,  and  was 
eafily  put  in  pra&ice.  Thus,  by  the  time  that 
I had  done  three  or  four  tubes,  I found  that 
I made  them  as  perfect  as  I could  make  them 
at  all.  But  though  this  method  affifted  me 
confiderably  afterward,  I was  much  difap- 
pointed  in  my  prefent  purfuit,  namely,  of 
making  the  exhaufted  flafk  for  ele&ricity:  for 
let  the  tube  be  of  any  length  it  would  above 
the  mercury  as  a barometer,  I could  not 
make  any  eledtrical  light  appear  in  the  void. 
Soon  after  this,  I finifhed  my  air  pump,  al- 
ready mentioned;  with  which  I reduced  the 
column  of  mercury  to  half  an  inch : but  the 
effedl  was  the  fame.  So  that  I got  no  afliffc- 
ance  from  heating,  for  making  luminous  flafks: 
nor  did  I now  want  it.  And  as  the  aforefaid 
method  of  heating  is  what  I ftill  prefer,  I 
fhall  briefly  defcribe  it.  I procured  two  fheets 
of  tin  from  the  tin-plate  workers  (iron  is  bet- 
ter, as  will  appear  by  and  by)  bent  to  a right 
angle  in  the  middle  of  it  the  longeft  way,  and 
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riveted  together,  one  at  the  end  of  the  other. 
A partition  of  the  fame  is  fixed  about  ten 
inches  from  one  end,  with  a part  cut  out 
from  its  upper  fide  to  within  a little  more 
than  an  inch  of  its  bottom,  and  about  three- 
fourths  of  an  inch  wide.  The  whole  is  to  be 
placed  on  a Hand  of  a convenient  height,  on  a 
declivity,  making  an  angle  of  about  ten  de- 
grees with  the  horizon,  with  that  end  upper- 
moft  towards  which  the  aforefaid  partition  is 
fixed:  then  above  this  partition,  lay  fome 
baker’s  coals  (in  preference  to  charcoal)  clofe 
to  the  partition,  in  order  to  be  kindled ; of 
which  two  or  three  handfuls  are  fufficient  for 
one  tube. 

After  this  preparation,  take  a glafs  tube  not 
iefs  than  three  feet  long,  with  a bore  about 
three  or  four  twentieths  of  an  inch  in  diame- 
ter, but  not  more  (as  will  appear  afterward) 
and  the  tube  to  be  nearly  as  thick  on  all  fides 
as  the  diameter  of  the  bore,  that  it  may  be 
fufhciently  flrong.  Let  this  tube  be  nicely 
fealed,  or  clofed,  at  one  end,  and  let  it  be  as 

clean 
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clean  as  poffible:  then  fill  it  with  inercury 
as  pure  as  poflible ; when  the  coals  are 
kindled  in  the  caldron,  or  fire-holder,  lay  the 
fealed  end  of  the  tube,  with  the  mercury  in 
it,  into  the  place  cut  out  of  the  partition,  upon 
the  lighted  coals:  if  the  fire  be  flack,  blow 
it  a little  with  the  mouth,  or  the  like ; let  the 
tube  lie  amongff  the  lighted  coals,  till  the  mer  - 
cury in  it  boil  pretty  ffrongly.  When  the  firff 
part  of  the  tube  appears  to  be  fufficiently 
boiled,  move  it  onward,  by  little  and  little, 
and  fo  on  the  whole  length  of  the  tube. 

After  the  tube  is  filled  in  the  common  way, 
before  it  is  put  upon  the  fire,  Take  out  about 
three  inches  of  the  mercury  at  its  open  end,  in 
order  for  room,  that,  the  mercury  may  play 
up  and  down  as  it  boils,  without  being  loll. 
Thus,  by  taking  thefe  methods,  I find  no  in- 
convenience arifmg  from  the  heat  of  the  tube 
in  holding  it  whilff  it  is  boiling;  for,  by  the 
time  that  the  fealed  end  has  paffed  the  fire, 
before  the  other  comes  to  be  fo  near  it  as  to 
be  too  hot  to  be  held  in  the  hand,  the  former 

will 
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will  be  cold  enough  to  hold  the  tube  by, 
while  the  remaining  part  of  it  goes  on.  [See 
Monthly  Review,  Vol.  XLIX,  page  584.] 

Tubes  for  barometers  prepared  in  this  way, 
1.  find  generally,  will  fupport  a column  of 
mercury  of  the  fame  height:  or,  that  inflead 
of  a variation  of  half  an  inch,  as  fometimes 
happens  with  thofe  made  in  the  common 
wav,  the  former  will  very  feldom  vary  half  a 
tenth  of  an  inch.  Alfo,  if  they  are  well 
boiled,  the  mercury  will  always  be  fufpended 
to  the  top  of  the  tube,  and  will  not  fall  down 
to  its  proper  height,  till  it  be  fhaken  pretty 
ftrongly  to  bring  it  down;  and  fometimes  I 
have  had  them  fo  ftrongly  fufpended,  that 
after  the  barometer  has  been  fent  many  miles, 
it  has  been  returned  as  ufelefs.  One  inftance 
of  this  kind  happened  at  the  time  I was  writ- 
ing this  article. 

The  fufpenfion  of  the  mercury  to  the  top 
of  the  tube  occurred  in  the  very  firft  tube  that 
I heated  before  the  common  fire,  though  the 

C c adhefion 
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adhefion  was  weak;  but  the  more  perfe6t  fuf- 
penfion  did  not  occur  till  afterward;  which 
feems  to  be  owing  wholly  to  a more  perfect 
exclufion  of  the  air,  damp,  See.  from  within 
the  tube:  whence  the  adhefion  appears  to 
be  ftronger  between  the  glafs  and  the  mer- 
cury, than  it  is  between  the  particles  of  mer- 
cury ' themfelves ; for  the  mercury  will  fre- 
quently feparate  at  an  inch  or  more  from  the 
top-  of  the  tube,  and  fall  down  to  its  proper 
height,  while  the  upper  part  of  the  column 
will  remain  fufpended  where  it  was.  Then, 
by  inclining  the  tube,  the  mercury  will 
join,  and  fometimes  only  a part  of  the  co- 
lumn that  remained  will  come  down,  and  a 
fhorter  part  of  it  will  flill  remain  fufpended; 
which  is  brought  down  likewife  by  inclining 
the  tube;  and  fometimes  this  will  happen 
months  after  the  barometer  has  been  finifhed 
and  fixed  up. 

When  the  tubes  are  completely  boiled,  they 
may  be  hung  up  with  their  fealed  end  down- 
wards, till  they  are  wanted,  when  they  may 

be 
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be  cut  off  to  their  proper  length,  with  a file, 
in  which  I never  exceed  thirty-two  inches 
and  a quarter,  (preferring  the  upright  baro- 
meter) and  then  they  may  be  fitted  up  in 
whatever  manner  may  be  thought  moft  pro- 
per, either  for  ornament  as  well  as  ufe,  or 
for  ufe  only,  either  in  a portable  way  or 
not.  But  if  they  are  to  be  fitted  up  in 
a portable  way,  I always  preferve  a hole 
through  which  the  air  may  circulate  into  the 
ciffern,  which  is  opened  or  fhut  by  means 
of  a fcrew,  and  is  equally  good  as  if  it  were 
open  all  round. 

Not  long  before  the  time  that  the  foregoing 
obfervations  occurred,  it  happened,  that  I, 
profeffionally,  purchafed  a collection  of  books. 
See . amongff  which  was  No.  448,  of  the  Phi- 
lofophical  Tranfa&ions,  which  contains  the 
account  of  Mr.  Orme's  improvements  of  the 
barometer,  given  by  Henry  Beighton,  F.  R.  S. 
which  Hands  as  follows. 
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‘ Mr.  Charles  Orme’s  improvements  of  the 
c barometer,  by  the  method  following: 

e Firft,  the  quickfilver  is  all  purified  from 
£ its  drofs  and  earthy  particles  by  diftillation; 
c and  when  the  tube  is  filled  by  a pound  and 
£ half,  two  or  three  pounds  of  mercury , and 
‘ all  the  air  got  out  by  the  methods  ufed  in 
c filling  tubes , then  the  remaining  air  is  got  out 
8 by  fuch  an  intenje  heat  of  fire  as  makes  the 
c mercury  boil;  by  which  ebullition  an  innu- 
6 merable  quantity  of  fmall  particles  are  emit- 
‘ ted,  and  blow  with  a great  velocity  at  the 
c open  end  of  the  tube , till  all  the  air  is  quite 
‘ cleared  out;  which  curious  as  well  as  fa- 
c tiguing  operation  is  continued  for  the  fpace 
‘ of  four  hours : and  when  no  more  bubbles 
i would  rife  in  the  tube , it  remained  whole, 

‘ with  its  mercury  of  a molt  lively  fparkling 
£ brightnefs,  with  this  difference  only,  that 
£ the  mercury , fo  purged  from  its  air,  did  not 
4 fill  the  tube  fo  high  as  when  firft  put  in  by 
‘ about  two  inches;  which  is  a plain  demon- 
‘ fixation,  that  in  that  tube , which  was  49 

6 inches 
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5 inches  long , there  was  interfperfed  in  the  mer- 
c cury  at  firft  filling  it,  fo  much  air  as  would 
4 fill  two  inches  of  the  faid  tube , which  was  a 
4 24th  part  of  the  faid  fpace. 

4 The  whole  operation  I myfelf  attended  the 
e 20th  of  January,  1734-5. 

4 And  further  I can  affirm,  that  every  part 
4 of  the  mercury  boiled  for  a long  time,  and 
4 the  tube  was  gradatim  fo  red  hot , that  "with  a 
4 warm  knife  I could  make  impreffions  in  any 
4 part  of  it. 

4 And  this  I the  rather  mention,  by  reafon 
4 I have  heard  feveral  perfons,  and  thofe  not 
4 incurious,  affirm  it  was  impoffible. 

4 And  that  this  is  the  moft  fure  and  certain 
4 (if  not  the  only)  method  for  getting  out  all 
4 the  air,  may  be  judged  by  the  boiling  of 
4 water,  which  in  its  ebullition  does  emit  a 
4 great  quantity  of  air  for  a long  fpace  of 
4 time/ 


We 
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We  are  none  of  us  at  prefent,  that  I know 
of,  fo  fortunate  as  to  be  matter  of  the  art  of 
bending  glafs  tubes,  or  making  imprettions  on 
them,  when  they  are  filled  with  mercury,  by 
any  means  whatever.  I have  often,  in  vain, 
wifhed  fo  to  do : which  makes  me  ready  to 
think,  that  Mr.  Beighton  mutt,  fome  way  or 
other,  have  been  as  much  miftaken  in  this,  as 
Dr.  Priettley  found  himfelf  to  be,  relative  to 
the  Smeatonian  pump  or  gage,  already  ob- 
ferved.  And  I mutt  own  that  I fhould  have 
been  much  more  ready  to  believe  it,  were 
it  not,  that  all  my  own  obfervations  in 
boiling  tubes  or  the  like,  dire6tly  contradi£l 
the  fa6L  I will  here  relate  a cafe  which  hap- 
pened before  I had  made  myfelf  fo  much  ac- 
quainted with  boiling  tubes,  &c.  as  I was 
afterwards. 

Having  formed  a plan  to  make  a baro- 
meter in  an  inverted  pofition,  in  order  to 
get  it  more  out  of  the  way  of  accidents,  I 
made  a bulb  fufficient  to  hold  about  a pound 
of  mercury,  at  the  end  of  a barometer  tube 

of 
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of  a fufficient  length,  to  be  turned  up  at  the 
lower  end,  fyphon-wife,  that  the  rife  and  fall 
of  the  barometer  might  appear  in  the  turned- 
up  part,  which  inverts  the  fcale  ; and  the 
bulb  at  the  top  to  anfwer  the  end  of  a cidern. 
I have  alwavs  found  barometers  made  in  this 
way  to  fupport  the  longed  column  between 
their  upper  and  lower  furfaces : and  as  the 
fact  is  a fufficient  proof,  I omit  the  theory  at 

I fay,  I have  found  barometers  made  in 
this  way  to  fupport  the  longed  column,  when 
boiled;  but  boiling  them  in  this  ffiape  was 
not  fo  eafy  at  iird.  When  the  bulb  and  its 
tube  were  filled  with  mercury,  in  order  to  be 
boiled,  I put  the  bulb  in  a hollow  place 
amidd  the  coals,  with  the  barometer  in  an 
ereft  pofition,  in  order  that  the  bubbles  might 
rife  into  the  tube,  and  afterward  be  driven  out 
by  boiling  in  my  common  pofition.  But? 
in  my  hade,  I did  not  confider  the  preffiire 
of  the  whole  column  of  mercury  on  the  bulb,, 
and  that  it  would  retard  the  appearance  of 

its- 
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its  boiling ; fo  that  I heated  it  very  mucn, 
even  fo  hot,  that  the  bulb  was  foftened  enough 
to  give  way : but  the  mercury  being  fo  much 
preifed  and  heated,  as  foon  as  the  glafs  gave 
Way,  the  mercury  contained  in  the  bulb  in- 
ftantly  turned  into  vapour  and  difperfed  en- 
tirely, and  only  what  was  in  the  tube  ran  down 
into  and  through  the  fire,  which  was  very 
fleet.  So  that  I cannot  conclude  upon  Mr. 
Beighton’s  defcription  of  Mr.  Orme’s  method 
any  otherwife,  than  that  he  muft  have  been 
very  much  miftaken,  or  knew  very  little  about 
it.  Befides,  whenever  I diftill  mercury,  I al- 
ways do  it  in  a glafs  veflel,  but  never  find 
the  elafs  to  be  at  all  foftened : and  when  I boil 

O 

the  mercury  in  the  tubes,  either  thick  or  thin, 
they  appear  to  have  no  foftnefs  or  tendency 
to  bend  in  the  leaf!. 

And  I muft  own,  that  I never  found  any 
fuch  diminution  in  the  length  of  the  mercury 
in  the  tube  after  boiling,  as  is  above  de- 
fcribed ; provided  that  I took  care  to  lofe 
none  of  it  out  of  the  tube  while  it  was  boil- 
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ing : which  makes  me  think,  that  there  muft 
have  been  fomewhat  elfe  befides  the  exolofion 

JL 

of  the  air  that  the  mercury  contained,  which 
was  the  caufe  of  the  tube  not  being  filled  fo 
high  as  when  the  mercury  was  firft  put  in  by 
about  two  inches,  or  a twenty-fourth  part  of 
the  fpace;  nor  did  I ever  find  any  blowing  at 
all  at  the  open  end  of  the  tubes,  though  I 
have  occafionally  boiled  tubes  much  fmaller 
and  much  larger  (as  will  appear  very  foon) 
than  Mr.  Orme’s  appear  to  be,  wherever 
they  are  feen:  fo  that  I cannot  think  the 
demonftration  of  either  is  plain  enough  to  be 
depended  upon. 

Mr.  Beighton,  fpeaking  of  the  boiling,  &c. 
fays,  c which  curious  as  well  as  fatiguing  ope- 
* ration  is  continued  for  the  fpace  of  four  hours : 
c and  when  no  more  bubbles  would  rife  in  the 
e tube  it  remained  whole/  &c.  I am  fure  that 
if  the  heat  were  continued  four  hours  more,  if 
there  were  mercury  enough  remaining  uneva- 
porated in  the  tube,  the  rifing  of  the  bub- 
bles would  likewife  be  continued : my  tubes 

D d never 


202  OBSERVATIONS  ON 

never  take  up  more  time,  to  boil  one  of  them, 
than  three-fourths  of  an  hour,  and  often  not 
fo  much.  Therefore  I muff  conclude,  that  if 
Mr.  Beighton  had  been  as  much  acquainted 
with  the  boiling  of  mercury  in  tubes  of  glafs, 
or  the  operations  carried  on  in  a laboratory, 
as  he  was  with  thofe  carried  on  in  the  clouds 
and  the  atmofphere,  he  would  never  have 
written  his  paper  in  the  manner  it  now  ap- 
pears. — 

Amongdl  the  aforefaid  collection  of  books, 
&c.  was  a pamphlet  written  by  E.  Saul,  A.  M. 
which  in  many  parts  is  very  curious  and  exa<h, 
but  not  altogether  fo  throughout.  In  this 
work,  pages  51  and  95,  Mr.  Saul  recommends 
the  hoping  barometer.  In  page  101,  for  an 
upright  barometer,  he  recommends  a tube  of 
nearly  half  an  inch  diameter  (it  muff  be  fup- 
pofed  that  he  means  the  bore  of  the  tube)  in 
order  to  judge  of  the  convexity  or  concavity 
of  the  furface  of  the  mercury  in  the  tube  oc- 
cafioned  by  the  alteration  of  the  preffure  of 
the  atmofphere  on  the  mercury  in  the  ciflern; 

and 
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and  that  the  mercury  will  rife  and  fall  fooner 
than  in  a fmaller  bore  ; Mr.  Saul  here  fays, 

4 if  the  mercury  appears  to  be  concave,  or  de- 
4 preffed  more  in  the  middle,  than  at  the 
4 fides  of  the  tube,’  &c.  But  it  is  certain  that  if 
a tube  be  clean  withinfide,  the  mercury  will  ne- 
ver appear  concave  on  the  furface,  be  the  tube 
great  or  fmall,  and  in  particular  at  its  fides.  Let 
any  common  clean  phial,  of  any  fize  whatever, 
be  partly  filled  with  pure  mercury ; the  fides 
will  always  appear  convex  and  the  middle  not 
depreffed,  even  if  a fyphon  be  applied  in  the 
middle  of  it  to  decant  it  out  of  the  phial : 
all  the  time  that  the  furface  of  the  mercury  is 
finking,  its  fides  will  have  a convex  appear- 
ance ; but  if  the  phial  be  moift,  or  the  mer- 
cury foul,  the  furface  of  the  latter  will  not 
be  the  fame : it  is  only  where  purity  is  want- 
ing, that  concavity  takes  its  place  with  refpect 
to  mercury  itfelf  in  thefe  cafes. 

At  the  end  of  the  XLVIIth  Volume  of 
the  Monthly  Review  is  the  annunciation  of 
that  almoft  ineflimable  work  of  Mr.  De 

D d 2 Luc’s, 
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Luc’s  on  the  barometer,  &c,  which  was  about  a 
year  after  I had  acquired  the  method  to  boil 
tubes  for  barometers*,  and  I cannot  but  own 
that  the  manner  of  the  finifhina;  of  the  ac- 
count  in  the  Review  concerning  it  rather  pre- 
judiced me  againlf  it.  However,  when  the 
book  came  to  me,  I read  it  with  as  much 
pleafure  as  I ever  had  in  reading  any  book 
whatever:  and  although  he  knew  no  more 
of  what  I was  doing,  than  I knew  of  what 
he  was;  if  I had  put  down  my  own  obfer- 
vations  and  defcription  of  the  appearances  and 
procefs  of  boiling  tubes  for  barometers,  they 
would  have  been  as  near  to  his  as  if  we  had 
had  the  mod  familiar  intercourfe. 

The  preference  that  is  to  be  given  to  tubes 
whofe  bores  are  not  very  large  and  their  fides 
pretty  thick,  arifes  chiefly  from  the  danger  that 
attends  them  in  carriage  or  on  any  removal: 
befides,  a tube  of  about  two  lines  bore  I find 
to  be  much  eafier,  and  fooner  boiled,  than 

* See  the  note  in  Monthly  Review,  Vol.  XLIX,  page  585. 
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one  whofe  bore  is  three  or  four  lines  in  dia- 
meter : and  the  apparent  fpecks  of  air  are 
more  eafily  kept  from  being  left  behind.  But 
in  tubes  whofe  bores  are  large  and  their  fides 
and  tops  thin,  the  motion  of  the  mercury  at 
any  time  very  much  endangers  them.  Mr. 
Nairne,  knowing  my  method  of  boiling  ba- 
rometers, &c.  fent  two  tubes,  with  large  bores 
and  thin  fides,  ready  filled  to  me  to  boil  for 
him;  which  I did,  and  returned  them  as  fafely 
packed  as  I could : but  before  he  received  them 
they  were  both  broken  to  many  pieces  ; con- 
fequently  all  the  mercury  as  well  as  the  tubes 
were  loft  and  fpoiled.  But  I never  knew 
one  fuch  as  I have  already  defcribed,  to 
break  in  carriage.  When  tubes  are  zvell 
boiled,  they  feem  to  me  to  be  much  more 
liable  to  be  broken  by  the  motion  of  the  mer- 
cury, than  tubes  that  have  been  but  moderately , 
or  not  at  all  boiled.  I fay,  they  feem  to  me 
to  be  much  more  liable  to  be  broken,  for  this 
reafon,  that  in  boiled  tubes,  the  lining,  that 
Mr.  De  Luc  very  juftly  fpeaks  of,  greatly 
faves  them,  and  foftens  the  ftroke  of  the 

mercury 
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mercury  againft  the  glafs : for  the  ftroke  is  ma- 
nifeftly  fmarter  in  tubes  that  have  been  well 
boiled,  than  it  is  in  tubes  that  have  not  been 
boiled  at  all;  owing  to  the  air,  or  that  lin- 
ing, which  nothing  will  difplace  but  heat, 
being  all  difperfed,  and  the  glafs  being  left 
quite  bare  and  naked:  fo  that  the  flroke  of 
the  mercury  meets  with  no  refinance  but  ex- 
erts its  force  immediately  on  the  glafs;  and 
the  glafs  has  no  defence  againft  the  mercury. 

Thofe  apparent  fpecks  of  air,  juft  men- 
tioned, though  in  boiling  they  have  that  ap- 
pearance, yet  they  feem  to  be  nothing  but 
mercury  in  an  evaporated  ftate,  or  the  va- 
pour of  mercury  not  perfectly  condenfed,  till 
the  tube  grows  cool,  when  they  quite  difap- 
pear : yet  I do  not  like  to  leave  them  behind. 
When  the  mercury  is  boiling  in  the  tube 
pretty  ftrongly,  there  will  often  be  a fpace 
of  an  inch  or  two,  or  more,  in  tubes,  whofe 
bore  is  rather  fmall ; which  fpace  at  the  fame 
time  is  perfe£tly  filled  with  vapour  from  the 
mercury ; and  appears,  while  hot,  extremely 
■ . . elaftic, 
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elaftic,  and  diaphanous  as  air  itfelf:  and,  if 
care  be  taken,  when  the  fire  is  rather  low, 
the  upper  fide  of  the  bore  will  foon  become 
ftudded  with  particles  of  mercury  condenfed 
upon  it : but  while  the  vapour  remains 

uncondenfed,  its  elafticity  appears  to  be 
very  great.  Mercury,  when  boiling,  feems 
to  turn  much  falter  into  vapour,  than  water 
when  boiling  into  fleam;  and  likewife  turns 
very  quickly  into  mercury  again,  when  in 
a cool  place,  if  care  be  taken  to  preferve 
it  from  efcaping.  i 

- o H a • - - - 1 . a j ci  .If 

The  thicknefs  of  the  glafs  has  been  faid 
to  hazard  the  breaking  of  the  tube  at  the 
time  it  is  boiling.  But  if  the  bore  be  not 

o 

lefs  than  one  eighth  of  an  inch,  they  may 
be  very  fafely  boiled,  if  the  fire  be  fmall  and 
clear : but  if  the  fire  be  large  or  long,  their 
prefervation  is  very  hazardous.  A tube  one 
eighth  of  an  inch  in  the  bore  may  very  fafely 
be  boiled,  let  the  thicknefs  of  the  glafs,  mode- 
rately fpeaking,  be  what  it  will.  A tube  half 
an  inch  diameter  divided  into  three  parts, 

two 
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two  for  the  thicknefs  of  the  glafs  on  each 
fide,  and  one  for  the  bore,  is  as  good  as  any, 
in  my  opinion. 

If  a tube  break  whilft  it  is  boiling,  great 
part  of  the  mercury  is  liable  to  be  much  da- 
maged, by  amalgamating  with  the  tin  on  the 
plates  in  which  the  fire  is  laid : but  if,  inftead 
of  fheets  of  tin,  an  iron  one  is  at  hand,  the 
amalgamation  is  all  avoided : yet  if  the  mer- 
cury be  fouled  in  this  or  any  other  way,  by 
having  tin,  lead,  or  the  like  mixed  with  it; 
it  is  eafily  reftored  to  its  original  purity  by 
diftillation,  be  their  quantities  what  they  will: 
but  if  the  proportion  of  adulteration  be  ra- 
ther fmall,  the  mercury  is  Hill  more  eafily 
made  as  perfectly  pure  by  agitation  ; a method 
difcovered  by  that  indefatigable  philofopher 
Dr.  Prieftley ; which  method  was  much  im- 
proved by  Mr.  Bewly,  and  afterward  much 
more  improved  by  the  Rev.  Mr.  Morgan; 
and  by  which  it  is  now  become  very  ufeful*. 

* The  method  I ufe  for  this  purpofe  is,  to  boil  the  adulterated 
mercury  in  a common  four  ounce  phial  for  the  ipace  of  about  a 

minute. 
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Whatever  may  be  the  cafe  in  general  with 
barometers,  thofe  made  after  the  preceding 
method  (two  of  which  I have  had  by  me 
more  than  ten  years)  do  not  appear  to  be 
the  leaft  impaired  for  a long  fpace  of  time, 
but  fuilain  the  fame  length  of  column  as  in 
one  newly  boiled : fo  that  by  this,  as  well  as 
by  the  air  pump,  pure  mercury  does  not  ap- 

E e pear 

minute,  in  which  time  very  little,  or  none,  of  the  included  mer- 
cury will  evaporate  out  of  the  phial,  or  lefs  time  will  do  if  the 
whole  of  the  mercury  boil  perfedtlv  in  the  phial,  over  fome  lighted 
coals  from  a baker’s  oven,  being  lefs  offenlive  than  charcoal;  but 
a common  kitchen  fire  will  do  as  well,  if  it  be  not  too  fierce : 
then  take  it  from  the  fire,  and  when  it  is  cool,  fhake  or  agitate 
the  mercury  in  the  phial  pretty  ftrongly:  and  if  the  quantity  of 
adulteration  be  not  very  great,  a quarter  of  a pound  of  the  adul- 
terated mercury  fo  boiled,  and  brifkly  agitated  in  the  phial,  will 
become  perfectly  pure  in  lefs  than  a quarter  of  a A hour  : but  if  the 
adulteration  is  very  much,  or  if  the  quantity  adulterated  be  a pound 
or  more,  in  the  former  cafe  the  operation  will  fucceed  much  bet- 
ter, by  mixing  fome  pure  mercury  unboiled  with  that  which  is  not 
pure  and  has  been  boiled ; and  then  churning  or  agitating  them 
together;  or  in  the  latter,  it  will  do  quicker,  by  pouring  about  a 
quarter  of  a pound  of  it  at  a time,  into  another  phial,  and  churn- 
ing it  in  that,  and  fo  on  till  the  whole  is  purified,  putting  the  pu- 
rified portions  all  together  in  a feparate  phial : when  the  fouled 

mercury 
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pear  to  imbibe  atmofpheric  air,  or  but  in  an 
extremely  fmall  degree,  and  very  different  to 
what  Mr.  Heighten  has  reprefented  it,  if  the 
veifel  be  clean  in  which  the  pure  mercury  is 
contained:  but  if  the  veffel  be  foul,  the  air 
which  the  foulnefs  contains  will  make  itfelf 
appear  on  the  air  pump ; yet  it  cannot  be  faid 
to  come  out  of  the  mercury.  One  of  the 

aforefaid 


mercury  iias  been  churned  fome  time,  inftead  of  appearing 
nearly  enough  done,  it  looks  much  more  foul,  and  the  purifica- 
tion comes  on  almoft  all  at  once  as  to  appearance;  which  may 
feem  fingular  : and  if  the  quantity  of  fouled  mercury  be  a pound 
or  two,  a beginner  in  this  way  of  purification  may  be  dis- 
couraged by  its  not  going  on  fo  fait  as  might  be  wifhed.  In  this 
cafe,  divide  the  fouled  mercury  into  fmaller  portions,  as  be- 
fore obferved.  When  the  fouled  mercury  has  been  fufficiently 
agitated,  and  is  become  pure,  the  adulteration  will  turn  black 
and  adhere  to  tile  fides  of  the  phial,  or  fwim  on  the  furface 
of  the  purified  mercury ; and  they  will  not  eafily  mix  to- 
gether again : then  pour  the  purified  mercury  through  a fun- 
nel made  of  common  writing  paper,  with  a fmall  orifice  at  the 
bottom : the  purified  mercury  will  run  through  the  funnel,  and 
leave  all  the  blacknefs  or  adulteration  in  the  funnel,  where  it  may 
be  fqueezed  by  the  fingers ; and  force  the  remaining  part  of  the 
mercury  through  the  funnel : but  the  foulnefs  will  all  remain  be- 
hind, fo  that  very  little  of  the  mercury  need  be  wafted  through- 
out the  operation. 
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aforefaid  barometers  has  very  often  been 
placed  on  an  air  pump ; and  the  column  of 
mercury  in  it  brought  down  to  within  lefs  than 
half  an  inch  of  the  level  with  the  mercury  in 
its  ciftern,  and  as  often  let  up  again  : hill  the 
mercury  apparently  (hikes  the  top  of  the  tube 
as  fmartly,  as  if  it  had  never  been  brought 
down  at  all : and  taking;  the  whole  time  of 
the  aforefaid,  more  than  ten  years  pad,  the 
columns  of  mercury  in  thebe  barometers 
have  been,  for  more  than  two-thirds  of  the 
time,  not  lefs  than  thirty  inches  high  be- 
tween the  furface  of  the  mercury  in  the  cif- 
tern s,  and  the  furface  at  the  tops  of  the  co- 
lumns in  the  tubes,  and  often-times  very  much 
higher,  yet  I have  been  them  down  to  28,  35 : 
and  30,  82  was  the  higheft  I ever  faw  them. 
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